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Description 

The present invention relates generally to fastening devices. More particularly, the present invention relates to 
anchoring devices for fixedly attaching an object to a workpiece, and installation tools for deploying such anchoring 

5 devices. Still more particularly, the present invention relates to suture anchors for anchoring a portion of a piece of 
conventional suture in bone, and installation tools for deploying such anchors. 

In US-A-4,898,156, entitled "Suture Anchor"; US-A-4,899,743, entitled "Suture Anchor Installation Tool"; US-A- 
4,946,468, entitled "Suture Anchor and Suture Anchor Installation Tool"; US-A-4,968,315, entitled "Suture Anchor and 
Suture Anchor Installation Tool"; US-A-5, 002,550, entitled "Suture Anchor Installation Tool"; US-A-5,046,513, entitled 

10 "Method For Anchoring Suture To Bone"; and U.S. Patent Application Serial No. 07/766,025, filed September 26, 1 991 , 
entitled "Suture Anchor and Installation Tool", there are disclosed a variety of anchors for anchoring a portion of a piece 
of conventional suture in bone. The foregoing patents and patent application further disclose several installation tools 
for deploying the anchors disclosed therein. Complete details of the construction and operation of these suture anchors 
and installation tools are provided in the above-identified patents and patent application. 

15 it will, therefore, be understood that suture anchors of the sort comprising a coupling member and at least one 

elastically deformable, normally curved barb member extending outwardly from the coupling member are known in the 
art. It will also be understood that installation tools for deploying such suture anchors in holes formed in workpieces 
(e.g. bone) are similarly known in the art. 

As the requirements of users of such devices have become more demanding, however, known suture anchors 

20 and known suture anchor installation tools have encountered several problems. More particularly, it has been found 
that there is a growing desire in the medical field to anchor suture to smaller and smaller bones, and hence to deploy 
smaller and smaller suture anchors in smaller and smaller holes formed in those bones. 

Until now, however, two primary factors have tended to limit the extent to which it was possible to reduce the size 
of both the suture anchors and also the size of the anchor-receiving holes. 

25 First, the suture anchor's coupling member, which forms the body of the anchor, must include sufficient material 

to ensure the structural integrity of the anchor. In addition, the suture anchor's coupling member must include means 
for attaching the suture to the anchor, and means for engaging the anchor with its associated insertion tool. At the 
same time, of course, the anchor-receiving holes must be formed large enough to accommodate the suture anchors 
therein. Thus, those factors which tend to limit the downsizing of suture anchor bodies also tend to limit the downsizing 

30 of anchor-receiving holes. 

Secondly, known suture anchor installation tools are designed to operate so that the portion of the installation tool 
which engages and carries the anchor remains in engagement with the anchor the entire time that the anchor is moving 
to its desired location within the bone. With such prior art designs, the engaging and carrying portion of the installation 
tool separates from the anchor only after the anchor has been deployed in the bone. Thus, with prior art designs, the 

35 anchor-receiving holes must be formed large enough to receive not only the suture anchor but also the engaging and 
carrying portion of the installation tool as well. 

Accordingly, while various suture anchor designs and installation tool designs have been disclosed in the afore- 
mentioned patents and patent application, including (a) the alternative of moving the suture attachment means from 
the distal end of the coupling member toward the proximal end of the coupling member so that the suture need not 

40 pass by the outside of the coupling member to reach the exterior of the bone, and hence the anchor-receiving hole 
can generally be formed somewhat smaller, and (b) the alternative of reducing the diameter of the proximal end of the 
coupling member relative to the remainder of the coupling member so that the proximal end of the coupling member 
can be received by an installation tool, while at the same time forming the installation tool so that it has an outside 
diameter no larger than the largest diameter of the coupling member, there are practical limits to the effectiveness of 

45 these prior art constructions as suture anchor sizes and bone hole sizes become smaller and smaller. Among other 
things, the attachment means for attaching the suture to the anchor generally requires the presence of sufficient cou- 
pling member material at the point of attachment to ensure that the suture will not break free from the coupling member 
For example, if the attachment means comprises a hole formed in the reduced diameter proximal portion of the coupling 
member, it will be appreciated that the diameter of the reduced diameter proximal portion of the coupling member must 

50 always significantly exceed the diameter of the suture so as to ensure proper structural integrity. Similarly, as long as 
that portion of the insertion tool which engages and carries the suture anchor must also enter the bone hole so as to 
move the suture anchor to its desired location in the bone, there are practical limits as to how small the insertion tool's 
shaft may be formed without creating problems in mounting the suture anchor to the installation tool, and without 
creating bending problems in the shaft when driving suture anchors into bone. 

55 Installation tools within the meaning of the first part/pre-amble of the independent claim 11 are known from prior 

art: WO-A-S7/01 270 discloses a surgical fastener having a head portion and a filament portion arranged in a T-con- 
figuration. The end of the head portion is sharply pointed so that when that head portion is implanted in the body tissue, 
the head portion will attach itself securely to the tissue and will remain there dispite the application of substantial pulling 
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force on the filament portion. This technical teaching is attempting to improve surgical fastener of the T-bar variety 
which can be made either absorbable or non -absorbable to the human body. The tool for deploying that fastener 
comprises a hollow needle and a plunger. The needle terminates in a flat annular surface at its front end. The front 
surface is disposed at an inclined angle. There is a slot in the needle, the width of which is larger than the diameter of 
5 the filament but smaller than the diameter of the head of the fastener, in order to allow the filament to move freely 
lengthwise of the slot and to prevent the head from leaving the bore through the slot. The disclosure of WO-A-89/10 
096 is directed to solving the problem of manipulating and anchoring tissue within a joint when access to that tissue 
is limited. The anchor member with attached suture is is lodged within the tip of a needle which is inserted into a joint. 
A tube fits within the needle and is pushed toward the needle tip to expel the anchor member into or behind the tissue 
10 to be manipulated or anchored. The anchor member together with the suture is expelled from the tip of the needle 
through a single front end opening of circular shape. 

Accordingly, one object of the present invention is to provide an improved anchor and installation tool system, 
wherein the components of the system are adapted for effective use in smaller holes in workpieces. 

Another object of the present invention is to provide an improved anchor configuration which is adapted for effective 
15 anchoring disposition within smaller holes in workpieces. 

Yet another object of the present invention is to provide an improved installation tool wherein that portion of the 
tool which engages and carries the anchor to the hole in the workpiece need not enter the hole in order for the anchor 
to be effectively deployed in the workpiece. 

Another object of the present invention is to provide a novel anchoring system which minimizes the size require- 
20 ments for the workpiece holes yet still allows effective anchor deployment. 

And another object of the present invention is to provide an anchor and an installation tool which improve upon 
the anchors and installation tools disclosed in the above-identified patents and patent application. 

Yet another object of the present invention is to provide a novel method for deploying an anchor within a hole in 
a workpiece. 

25 And another object of the present invention is to provide a novel suture anchor and a novel suture anchor installation 

tool for attaching a suture to a bone. 

These and other objects of the invention are achieved through the provision of apparatus, installation tools and a 
method of attachment as defined in the independent claims. 

The novel anchor includes a coupling member, at least two barbs, and attachment means. 

30 The coupling member comprises a body having a longitudinal axis. The body includes a distal portion having an 

inner end and an outer end, a proximal portion having an inner end and an outer end, and a middle portion connecting 
the inner end of the distal portion to the inner end of the proximal portion. The body has a maximum cross-section, as 
measured transverse to its longitudinal axis, which is slightly smaller than the diameter of the hole in the workpiece 
within which the anchor is to be deployed. At least two equally-circumferentially-spaced longitudinal channels extend 

35 from the inner end of the distal portion to the outer end of the proximal portion. The depth of these longitudinal channels 
is substantially constant as they extend from the inner end of the distal portion to the inner end of the proximal portion. 
Thereafter, however, the depth of these channels gradually decreases as the channels extend from the inner end of 
the proximal portion to the outer end of the proximal portion. Each of the longitudinal channels also has an associated 
bore communicating therewith. Each of these bores extends from the inner end of the distal portion (where it commu- 

40 nicates with its associated longitudinal channel) toward the outer end of the distal portion. 

The at least two barbs extend in equally-circumferentially-spaced relation to each other, and in equally spaced 
radial relation to the longitudinal axis, with one end of each barb being disposed in a bore and the other end of the 
barb being substantially radially displaced from the body, whereby each barb will be aligned with and extend out of 
one longitudinal channel. Each barb is curved in its normal unstressed state, but is capable of being elastically deformed 

45 to a substantially straight configuration. 

The attachment means are formed in the proximal portion of the body. In a preferred embodiment, the attachment 
means comprise a round or elongated hole extending diametrically through the proximal portion of the body, adjacent 
its outer end and through the regions of the proximal portion which are located between the longitudinal channels. 
The foregoing anchor is intended to be used in conjunction with a novel installation tool which generally includes 

50 an elongated shaft having a distal end and a proximal end. Tubular means, associated with the distal end of the shaft, 
are adapted to receive and hold the middle and proximal portions of the anchor's body. Plunger means are provided 
for engagement with the outer end of the proximal portion of the anchor, with the plunger means being adapted to 
extend axially through the tubular means so as to be able to separate an anchor from the tubular means on command. 
In one preferred embodiment of the installation tool, adapted for use with an anchor of the type described above 

55 having two barbs, the installation tool's elongated shaft is formed hollow so as to provide the tubular means integral 
with the distal end of the shaft, and includes four equally-circumferentially-spaced longitudinal slots extending proxi- 
mally from the shaft's distal end. A first two of these slots are diametrically opposed to one another and have a first 
longitudinal length. These first two longitudinal slots are adapted to accommodate the two barbs of a suture anchor 



3 



EP0 558 993 B1 



received by the installation tool's hollow shaft. The second two of the longitudinal slots are diametrically opposed to 
each other and have a second longitudinal length which is longer than the first longitudinal length. The second two 
slots are adapted to accommodate the two lengths of suture extending out of the anchor's suture-receiving hole. The 
length of the shaft's two barb-receiving slots and the length of the shaft's two suture-receiving slots are related to one 

5 another and to the dimensions of the suture anchor so that when a suture anchor has its middle and proximal portions 
disposed in the shaft's hollow distal end, the anchor's barbs will engage the proximal ends of the barb-receiving slots 
but the anchor's suture need not engage the proximal end of shaft's suture-receiving slots. In this first preferred em- 
bodiment of the installation tool, the plunger means comprises an elongated solid rod adapted for telescopic insertion 
through the central lumen of the hollow shaft. Preferably the distal end of the plunger rod has a reduced diameter 

10 relative to the remainder of the plunger rod. For convenience, handle portions may be disposed about the proximal 
ends of both the hollow shaft and the solid rod. The preferred material for the components of this tool is stainless steel. 

In a second preferred embodiment of the installation tool, again adapted for use with an anchor of the type described 
above and having two barbs, the installation tool's elongated shaft is solid and preferably formed of stainless steel. It 
comprises a distal portion having a first relatively small diameter, an intermediate portion having a second relatively 

15 intermediate diameter, and a proximal portion having a third relatively large diameter. A first shoulder is formed where 
the distal portion meets the intermediate portion, and a second shoulder is formed where the intermediate portion 
meets the proximal portion. A shallow circumferential groove is formed in the intermediate portion, intermediate the 
first shoulder and the second shoulder. 

The installation tool also comprises tubular means in the form of a tubular sleeve having a distal end and a proximal 

20 end, a central bore, and preferably formed out of plastic. The tubular sleeve preferably has an outer diameter approx- 
imately equal to the diameter of the shaft's proximal portion, and an inner diameter approximately equal to the diameter 
of the shaft's intermediate portion and somewhat less than the diameter of the suture anchor's body. A counterbore is 
formed in the distal end of the tubular sleeve, with a shoulder being created at the junction of the sleeve's bore and 
counterbore. This counterbore has an inner diameter slightly larger than the diameter of the suture anchor's body, so 

25 that a suture anchor may be inserted into the distal end of the sleeve and engage the shoulder. The sleeve also has 
an interior rib which is positioned adjacent the proximal end of the sleeve. The rib is sized so as to make a sliding 
frictional engagement with the intermediate portion of the shaft, and to make a catching engagement with the shaft's 
circumferential groove. The length of the sleeve is less than the combined length of the shaft's distal portion and 
intermediate portion. Four equally-circumferentially-spaced, equally-sized longitudinal slots are formed in the distal 

30 end of the sleeve to accommodate the two barbs and two suture lengths of a suture anchor when the suture anchor 
has its proximal and intermediate portions disposed in the interior of the hollow sleeve. The various members of the 
system are sized so that when the sleeve is positioned so that its rib is disposed in the shaft's circumferential groove, 
and when a suture anchor is disposed in the hollow sleeve so that the proximal end of the suture anchor's body engages 
the sleeve's internal shoulder, the outer end of the anchor's proximal portion will be spaced from the shaft's distal 

35 portion and the suture anchor's barbs and suture length will be spaced from the proximal ends of the sleeve's longitu- 
dinal slots. At the same time, the various members of the system are sized so that when the sleeve is positioned so 
that its proximal end engages the shaft's second shoulder, the distal portion of the shaft will project out of the distal 
end of the sleeve. 

In particular, the method of using the present system to deploy an anchor in a hole in a workpiece includes the 
40 steps of: (1) providing the system components; (2) forming a hole of the desired size in the workpiece; (3) attaching 
an object (e.g. a suture) to the anchor's attachment means; (4) inserting the distal and middle portions of the anchor's 
coupling member into the distal end of the tool's tubular means so that the barbs and suture lengths project radially 
outwardly from the longitudinal slots formed therein; (5) manipulating the installation tool so that the distal portion of 
the anchor enters the proximal end of the hole in the workpiece and the distal end of the tubular means engages the 
45 surface of the workpiece adjacent the periphery of the hole; (6) driving the anchor into the hole by forcing the plunger 
means to move through and beyond the tubular means; and (7) withdrawing the plunger means from the hole and 
removing the distal end of the tubular means from its engagement with the workpiece surface adjacent the hole. 

These and other objects, features and advantages of the present invention will be more fully disclosed in, or ren- 
dered obvious by, the following detailed description of the preferred embodiments of the invention, which are to be 
so considered together with the accompanying drawings wherein like numbers refer to like parts and further wherein: 

Fig. 1 is a schematic perspective view showing a suture, a suture anchor, a suture anchor installation tool, and a 
target bone, all in exploded relation to one another; 
Fig. 2 is a side elevational view of the suture anchor shown in Fig. 1; 
55 Fig. 2A is a cross-sectional view of the same suture anchor, taken along line 2A-2A of Fig. 2; 

Fig. 2B is a cross-sectional view of the same suture anchor, taken along line 2B-2B of Fig. 2; 

Fig. 3 is a side elevational view in partial section of the suture anchor installation tool shown in Fig. 1 ; 

Fig. 3A is a bottom plan view of the same installation tool, taken along line 3A-3A of Fig. 3; 
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Fig. 4A is a partial side elevational view of the suture, suture anchor and installation tool of Fig. 1 assembled 
together in preparation for inserting the anchor into the hole in the target bone; 
Fig. 4B is a partial side elevational view of the assembly of Fig. 4A positioned adjacent the target bone; 
Fig. 4C is a partial side elevational view of the assembly of Fig. 4B inserting the suture anchor into the target bone, 
5 with the suture being cut away immediately adjacent the anchor's attachment means so as to provide a superior 

view of the installation tool; 

Fig. 5 is an exploded side elevational view of an alternative form of installation tool formed in accordance with the 
present invention; 

Fig. 5A is an enlarged side elevational view in section showing the tubular sleeve member of the installation tool 
10 of Fig. 5; 

Fig. 5B is a bottom plan view of the same tubular sleeve member, as taken along line 5B-5B of Fig. 5A; 

Fig. 6A is a side elevational view of the suture, suture anchor and installation tool of Fig. 5 assembled together in 

preparation for inserting the anchor into the hole in the target bone; 

Fig. 6B is a partial side elevational view of the assembly of Fig. 6A positioned adjacent the target bone; 
is Fig. 6C is a partial side elevational view of the assembly of Fig. 6B inserting the suture anchor into the target bone; 

Fig. 7 is a partial side elevational view showing an alternative form of elongated shaft which may be used in forming 
an installation tool of the sort shown in Fig. 5; and 

Fig. 7A is an enlarged partial side elevational view showing selected details of the elongated shaft shown in Fig. 7. 

20 Referring now to the drawings, and particularly to Fig. 1 , there is shown a suture 2, a suture anchor 1 02, a suture 

anchor installation tool 202 and a target bone 302 having a hole 304 formed therein. Suture 2 is attached to anchor 
102 as will hereafter be described in detail, and installation tool 202 is adapted to install anchor 102 in the hole 304 
formed in target bone 302 as will also hereinafter be described in detail. 

Turning now to Figs. 1 , 2, 2A and 2B, anchor 102 generally comprises a body 104 having a longitudinal axis 106, 

25 and at least two identical barbs 108. Specifically, body 104 has a distal portion 110 having an inner end 112 and an 
outer end 114, a proximal portion 116 having an inner end 118 and an outer end 120, and a middle portion 122 con- 
necting the inner end 112 of distal portion 110 to inner end 118 of proximal portion 116. Body 104 has a maximum 
cross-section (taken transverse to the longitudinal axis 106) which is only slightly smaller than the diameter of hole 
304 in target bone 302, as will hereinafter be seen in greater detail. Body 104 is preferably formed out of 6AL-4V ELI 

30 titanium. 

At least two equally-circumferentially-spaced longitudinal channels 124 are formed in the exterior of body 104. 
Each of the longitudinal channels 124 extends from inner end 112 of distal portion 110 to outer end 120 of proximal 
portion 116. In the anchor embodiment shown the drawings, there are two such channels 124, each having a width of 
approximately 0.022 inches (0,056 cm) and a depth (as measured in middle portion 1 22) of approximately 0.028 inches 

35 (0.071 cm). In fact, there are always exactly as many channels 124 as there are barbs 108 on the anchor. Thus, in the 
embodiment shown in the drawings, inasmuch as there are two barbs 108 on body 104, there are two channels 124. 
The interior bases 126 of channels 124 extend substantially parallel to longitudinal axis 106 from first end 112 of distal 
portion 110 to inner end 118 of proximal portion 116. From inner end 118 of proximal portion 116 to outer end 120 of 
proximal portion 116, bases 126 of channels 124 slant outwardly relative to the anchor's longitudinal axis 106 at an 

40 angle of between about 12 and 30 degrees. Longitudinal channels 124 extend all the way to, and open on, outer end 
120 of proximal portion 116. 

For purposes of definition, middle portion 1 22 can be considered to end, and proximal portion 11 6 can be considered 
to start, at the point at which bases 126 of channels 124 begin to incline outwardly. 

At least two longitudinal bores 128 extend into inner end 112 of distal portion 110, parallel to longitudinal axis 106 
<5 and adjacent to bases 126 of each of the channels 124. In the embodiment shown, there are two such bores 128. In 
fact, there are always exactly as many of these bores 128 as there are barbs 108 on the anchor, and hence exactly 
as many of these bores 128 as there are channels 124. One bore 128 communicates with each channel 124, so as to 
form an extension of that channel. 

Representative dimensions for body 1 04 may be as follows: the diameter of the body is approximately 0.066 inches; 
50 the longitudinal length of distal portion 110 is about 0.078 inches; the longitudinal length of middle portion 122 is ap- 
proximately 0.022 inches (0,056 cm) and the longitudinal length of proximal portion 116 is approximately 0.112 inches 
(0,28 cm). The diameters of bores 1 28 are approximately 0.022 inches (0,056 cm), and they may extend from first end 
112 of distal portion 110 all the way through that distal portion to open on its outer end 114. Of course, bores 128 may 
also extend only part of the way through distal portion 110 and thus terminate short of outer end 1 1 4, without departure 
55 from the present invention. 

Barbs 108 are each formed from a curved length of wire having a first or inner end 1 30 and a second or outer end 
132. Barbs 108 are formed out of a relatively strong, highly elastic material such as a titanium alloy. Such materials 
are readily available from Raychem Corporation of Menlo Park, California and Shape Memory Applications, Inc. of 
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Sunnyvale, California, among others. The first or inner ends 1 30 of barbs 108 are attached to the anchor's distal portion 
110 so that they extend axially and radially outward therefrom. In a preferred embodiment, barbs 108 have a diameter 
of approximately 0.020 inches (0,051 cm), and in their unrestrained state define an arc of approximately 90 degrees 
of loop, approximately 0.202 inches (0,51 cm) in diameter (when measured to the inside edge of the loop). Each barb 

5 108 is capable of being elastically deformed to a substantially straight configuration when desired. 

The length of barbs 108 is preferably slightly greater than or equal to the longitudinal length of anchor body 104, 
as measured from the distal-most tip of outer end 114 of distal portion 110 to outer end 120 of proximal portion 116. 
The barbs may be made integrally with anchor body 104. In the preferred embodiments, however, the first or inner 
ends 130 of curved barbs 108 are inserted into the straight bores 128 so that the barbs extend substantially all the 

10 way to outer end 114 of distal portion 110. The tendency of the curved barbs 108 to ret urn to their natural configuration 
after insertion into the straight bores 128 acts to securely hold the barbs in position within bores 128. The permanence 
of this engagement may be further assured by crimping distal portion 110 inwardly adjacent bores 128, or otherwise 
mechanically locking in place the portions of barbs 108 inserted into bores 128. 

In view of the foregoing construction, it will be seen that barbs 108 will normally project axially rearward from the 

is anchor's inner end portion 112 and radially outward from the circumferential outer surfaces of body 104, but they may 
also be bent inwardly under sufficient forces so that they can lie against floors 126 of channels 124. 

In this respect it is to be appreciated that barbs 108 and channels 124 are also sized and positioned relative to 
one another so that when barbs 108 are forced inwardly so as to lie against channel floors 126, all but the outermost 
portions 132 of barbs 108 will reside inside channels 124. Due to the inclined geometry of floors 126 at the proximal 

20 end of body 104, however, the outermost portions 132 of barbs 108 will remain at least slightly outboard of anchor 
body 104 even when barbs 108 lie against channel floors 126. 

Suture attachment means 1 33 are provided at proximal portion 11 6 of the anchor body. In the embodiments shown, 
suture attachment means 133 comprises a bore 134 which extends through body 104, transverse to longitudinally axis 
1 06 and between the slanted bases 1 26 of channels 1 24, and adjacent the outer end 1 20 of proximal portion 116. The 

25 portion of bore 134 closest to outer end 120 of proximal portion 116 forms a smoothly contoured bearing surface 136 
such that no sharp edges will be presented to a length of suture threaded through bore 1 34 and engaging surface 1 36, 
and such that a length of suture threaded through bore 134 and engaging surface 1 36 may be slid along that bearing 
surface 136 if desired after anchor 102 has been deployed in bone hole 304. In addition, indented portions 138 pref- 
erably connect the proximal end of bore 1 34 to the outer end 1 20 of proximal portion 11 6, thereby providing a protected 

30 pathway for the suture to emerge from bore 1 34 and extend proximally of the suture anchor. 

It will be appreciated that by placing attachment means 1 32 at the proximal end of anchor 1 02 and locating at- 
tachment means 132 on the longitudinal axis of the anchor, any forces applied to the free ends of the suture once the 
suture anchor has been set in bone will not tend to induce rotational torque upon the anchor. 

It is also to be appreciated that by inclining floors 126 of channels 124 at the proximal end of anchor body 104, 

35 sufficient body material will be provided about bore 1 34 so as to ensure the structural integrity of the suture attachment 
means 132, while still allowing anchor 102 to be formed with the narrowest possible body diameter. 

Several different insertion tools may be used to deploy anchor 102. In general, these installation tools comprise 
an elongated shaft having a distal end and a proximal end. Tubular means, associated with the shaft's distal end, are 
provided to receive and hold the middle and proximal portions 122 and 116 of anchor 102. Plunger means are also 

40 provided for ejecting anchor 102 from the tubular means. One such installation tool is shown in Figs. 3, 3A and 4A- 
4C; another such installation tool is shown in Figs. 5, 5A, 5B and 6A-6C. Each of these two installation tools will now 
be separately described. 

Looking first at the installation tool 202 disclosed in Figs. 3, 3A and 4A-4C, this tool comprises an elongated, hollow 
shaft 204 having a distal end 206 and a proximal end 208. An axial bore 210 extends through shaft 204 and has a 

45 cross-section, taken transverse to the longitudinal axis 212 of the shaft, corresponding to, but slightly larger than, the 
transverse cross-section of body 104 of anchor 102. A plurality of circumferentially spaced, longitudinally extending 
slots 214, 216, 218 and 220 extend proximally from distal end 206 of shaft 204, through the side wall 222 of the shaft. 
The purpose of these slots is to accommodate the barbs 108 and suture 2 which extend outwardly from body 104 of 
anchor 102 when the anchor is mounted partially within the distal portion 206 of shaft 204, as will hereinafter be de- 

50 scribed in further detail. Accordingly, in the embodiment shown, diametrically opposed slots 21 6 and 220 are provided 
to receive barbs 108, and diametrically opposed slots 214 and 218 are provided to receive the portions of the suture 
2 extending outwardly from either end of the anchor's suture bore 134. The lengths of longitudinal slots 216 and 220 
are related to the lengths of longitudinal slots 214 and 218 so that when a suture anchor 102 is disposed in the distal 
end of shaft 204, i.e., so that the suture anchor's middle and proximal portions 1 22 and 11 6 are positioned in the shaft's 

55 hollow interior, the anchor's barbs 108 will engage the proximal ends of the shaft's barb-receiving slots 216 and 220, 
while the anchor's suture 2 need not engage the proximal ends of the shaft's suture-receiving slots 214 and 218. Of 
course, it will also be understood that the number and arrangement of the slots 214, 216, 218 and 220 may be varied 
according to the specific configuration of the anchor 102, i.e., if there are more than two barbs 108, there will be more 
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than two slots 21 6, 220 to accommodate those barbs, and if the object (e.g. suture) attached to the attachment means 
1 32 requires it, the size and number of slots 214 and 218 may be adjusted accordingly. 

Shaft 204 is provided with a handle 224 at the proximal end of the shaft in order to facilitate the manipulation of 
tool 202. 

5 Tool 202 also comprises a plunger 226. Plunger 226 includes a solid rod 228 having a distal end 230 and a proximal 

end 240. Rod 228 is sized for telescopic insertion into and through bore 210 of hollow shaft 204. Rod 228 is longer 
than hollow shaft 204, and also includes a handle 242 at the proximal end of the rod. In the embodiment shown, handles 
224 and 242 are designed to matingly engage one another when plunger rod 228 is fully inserted through bore 210 of 
hollow shaft 204. It is to be appreciated that when handles 224 and 242 so engage one another, the distal end 230 of 

10 plunger rod 228 will protrude from the distal end 206 of hollow shaft 204. In fact, the elements of installation tool 202 
are sized so that when handles 224 and 242 engage one another, the distal end of rod 228 will protrude from the distal 
end of hollow shaft 204 by exactly the same distance that the suture anchor 102 is to be set into target bone 302. 

Furthermore, the proximal end 240 of rod 228 is preferably sized so as to form a close sliding fit with bore 210. 
This construction will help ensure the continued axial alignment of rod 228 when it is delivering deployment forces to 

15 the suture anchor. In fact, the fit between the proximal end 240 of rod 228 and bore 210 of shaft 204 is preferably 
sufficiently tight so as to ensure that only deliberate motion of rod 228 will take place, while at the same time the fit is 
not so tight as to impede such motion. The distal portion 230 of rod 228 is of a reduced diameter relative to the proximal 
portion 240. In fact, distal portion 230 has a diameter less than the diameter of suture anchor body 104, whereas 
proximal portion 240 has a diameter approximately equal to the diameter of suture anchor body 104. The benefit of 

20 providing such a reduced diameter distal portion 230 will become readily apparent in connection with the use of the 
present invention, as set forth in detail below. 

Representative dimensions for an installation tool of the type just described may be stated as follows: 



Hollow shaft 204: 


Length 

Outer diameter 
Inner diameter 
Width of slots 

Length of slots 214 and 218 
Length of slots 216 and 220 
Handle thickness 
Handle diameter 


3.75 inches (9,53 cm) 
0.195 inches (0,5 cm) 
0.070 inches (0,18 cm) 
0.024 inches (0,06 cm) 
0.132 inches (0,34 cm) 
0.055 inches (0,14 cm) 
0.195 inches (0,5 cm) 
0.750 inches (1,91 cm) 



35 



Plunger rod 228: 


Handle thickness 

Handle diameter 

Length of rod 228 

Diameter of proximal portion 240 

Length of distal portion 230 

Diameter of distal portion 230 


0.195 inches (0,5 cm) 
0.750 inches (1,91 cm) 
4.195 inches (10,66 cm) 
0.068 inches (0,17 cm) 
0.250 inches (0,64 cm) 
0.032 inches (0,081 cm) 



Looking next at Figs. 4A, 4B and 4C, anchor 102 and installation tool 202 are intended to be used as follows to 
attach a suture 2 to a bone 302. First, the suture 2 is attached to the suture anchor's attachment means 1 32 by threading 
the suture through hole 134, with both ends of suture 2 remaining free. Thereafter, anchor 102 is attached to distal 
end 206 of the installation tool's hollow shaft 204. This attachment is accomplished by first removing plunger 226 from 

so hollow shaft 204; next aligning the longitudinal axis 106 of anchor body 104 with the longitudinal axis 212 of hollow 
shaft 204, and aligning suture 2 (extending through anchor bore 134) with the longer slots 214,218 at the distal end of 
hollow shaft 204 and aligning anchor barbs 108 with the shorter slots 216,220 at the distal end of hollow shaft 204; 
and then sliding the proximal and middle portions 116 and 122 of the anchor body into distal end 206 of hollow shaft 
204 until barbs 108 engage the proximal ends of the shorter slots 216,220. It will be appreciated that due to the sizing 

55 of the system components, the suture 2 which is threaded through anchor bore 134 need not engage the proximal 
ends of the longer slots 214, 218 when barbs 108 engage the proximal ends of shorter slots 216, 220. See Fig. 4A. 

Thereafter, the free ends of suture 2 are pulled towards handles 224,242 so as to keep the suture's length under 
control and so as to help keep suture anchor 102 mounted in the distal end of shaft 204. Then plunger 226 is loaded 
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into hollow shaft 204 so that the plunger's leading tip 230 approaches or even lightly contacts the outer end 120 of 
anchor 102. Next, tool 202 is manipulated so as to bring the distal portion 110 of anchor 102 into the top of the hole 
304 formed in workpiece 302. See Fig. 4B. As noted above, the cross-section of the anchor's body 104 will be only 
slightly smaller than the diameter of hole 304. Accordingly, in this position the distal end 206 of hollow shaft 204 will 

5 bear against the workpiece's top surface 306 which surrounds the anchor-receiving hole 304. 

From this position, anchor 102 may be driven into hole 304 so as to achieve its desired anchoring location within 
the bone. This is accomplished by driving plunger handle 242 downward until it engages shaft handle 224. This causes 
the distal end 230 of plunger 226 to engage the outer end 120 of anchor 102 with the axial driving force needed to 
move the suture anchor out of shaft 204 and down into bone hole 304 so as to seat itself at the bottom end 308 of the 

10 bone hole. See Fig. 4C. As this deployment occurs, the suture anchor's barbs 108 engage the portions of bone 302 
which define hole 304 and, due to this engagement, are folded back into channels 1 24 to the extent required to permit 
the anchor to pass down the bone hole. At the same time, the resilient nature of barbs 108 causes them to constantly 
exert an outward force against the surrounding bone, so that the suture anchor will be locked against retreat back out 
of the hole. The proximal ends of suture 2 are then released and tool 202 is withdrawn from the workpiece, leaving 

is anchor 102 emplaced in bone 302 and the suture lengths emanating therefrom. 

It is to be appreciated that only the reduced diameter distal portion 230 of plunger 226 actually passes down into 
bone hole 304. The larger diameter proximal portion 240 of plunger 226 and, even more importantly, the engaging and 
supporting distal end 206 of hollow shaft 204 remaining outside the bone hole at all times during anchor deployment. 
Since the distal portion 230 of the plunger is sized so as to be smaller than the diameter of anchor body 104, it will be 

20 appreciated that bone hole 304 can be sized according to the dimensions of the bone anchor being used, and need 
not be formed large enough to accommodate the anchor engaging and supporting portion of the installation tool. This 
feature is a major advantage over prior art installation tools. 

Furthermore, the reduced diameter of the plunger's distal end 230 provides an enlarged passageway for the suture 
between the walls of the bone hole and the plunger body. This passageway reduces the possibility of damage to the 

25 suture during the installation procedure due to its possible entrapment between the installation tool and/or the anchor 
body and the sides of the bone hole. 

It has been found that, in forming bone hole 304, it is desirable to form a hole with a generally conical geometry 
at its bottom end 308. This conical geometry generally matches the configuration of the anchor's outer end 114, so 
that the anchor seats itself more effectively in bone hole 304. 

30 An alternative form of installation tool is shown in Figs. 5, 5A, 5B and 6A-6C. More specifically, an installation tool 

402 is disclosed which includes an elongated metal (preferably stainless steel) shaft 404 and a tubular sleeve 406, 
preferably formed from a polymeric, bio-compatible, plastic material. 

Shaft 404 comprises a distal end portion 408 having a first relatively small diameter, an intermediate portion 410 
having a second relatively intermediate diameter, and a proximal end portion 41 2 having a third relatively large diameter. 

35 A first shoulder 41 4 is formed where distal portion 408 meets intermediate portion 41 0, and a second shoulder 41 6 is 
formed where intermediate portion 410 meets proximal portion 412. Shaft 404 terminates in a distal end surface 417. 
A handle 418 is attached to shaft 404 adjacent its proximal end 412. Handle 418 may be similar to the handles 224 
and 242 discussed above or, alternatively, handle 418 may be generally rectangular in shape and include suture re- 
ceiving slots 420 adapted to hold, through frictional engagement, a suture extending from a suture anchor mounted to 

40 tool 402. 

A circumferential groove 422 is formed in the outer surface of intermediate portion 410 approximately midway 
along its length. In the drawings, groove 422 extends all the way around the circumference of intermediate portion 410, 
however, groove 422 may also be formed as a series of separate, circumferentially -extending groove arcs separated 
by lands, or as a series of discrete, circumferentially spaced indentations, if desired. 

45 Tubular sleeve 406 has a distal end 424, a proximal end 426, and an outer diameter substantially equal to the 

diameter of the shaft's proximal portion 412. A central bore 428 passes through sleeve 406. A counterbore 430 is 
formed at the distal end of sleeve 406. Counterbore 430 intersects bore 428 at a shoulder 432. A rib 434 extends 
radially into bore 428 adjacent the proximal end of the sleeve. Rib 434 defines a diametrical opening 436 which is 
smaller than the internal diameter of bore 428. In the event that shaft groove 422 is broken up into discrete arcs or 

50 indentations, rib 434 is correspondingly broken. 

A plurality of circumferentially spaced, longitudinally extending slots 438, 440, 442 and 444 extend through the 
side wall of sleeve 406, opening on distal end 424 and extending proximally therefrom. The purpose of these slots is 
to accommodate the barbs 108 and suture 2 which extend outwardly from the body of an anchor 1 02 when the anchor 
is mounted partially within tubular sleeve 406, as will hereinafter be described in further detail. Accordingly, in the 

55 embodiment shown, slots 440 and 444 are provided to receive the anchor's barbs 108, and slots 438 and 442 are 
provided to receive the portions of suture 2 extending outwardly from either end of anchor bore 1 34. It will, of course, 
also be understood that the number and arrangement of the slots 438, 440, 442 and 444 may be varied according to 
the specific configuration of the anchor 102, i.e., if there are more than two barbs on the anchor, more slots 440, 444 
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will be provided to accommodate those barbs, and it the object attached to the anchor's attachment means requires 
it, the size and number of slots 438, 442 will be adjusted to accommodate the portions of the object attached to the 
attachment means. 

Tubular sleeve 406 is sized so that its central bore 428 has an inside diameter just slightly larger than the outside 
5 diameter of the shaft's intermediate portion 41 0, but smaller than the outside diameter of the suture anchor's body 1 04; 
its counterbore 430 has an inside diameter just slightly larger than the outside diameter of the suture anchor's body 
104; and its rib 434 has a diametrical opening 436 slightly less than the outside diameter of the shaft's intermediate 
portion 410 but slightly larger than the circle enscribing the floor of shaft groove 422. 

In view of this construction, sleeve 406 may be telescoped onto the shaft's intermediate portion 410 so that the 
io sleeve's rib 434 makes a tight sliding fit with the outside diameter of the shaft's intermediate portion 41 0, with the sleeve 
being movable between first and second operative positions. In the first of these positions, i.e., that shown in Fig. 6A, 
rib 434 resides in the shaft's groove 422 so as to yieldably lock sleeve 406 to shaft 404. In the second of these positions, 
i.e., that shown in Fig. 6C, the proximal end 426 of the sleeve 406 engages the shoulder 416 formed at the intersection 
of intermediate portion 410 and proximal portion 412. Shaft 404 and sleeve 406 are sized so that when sleeve 406 is 
is disposed in its first position so that its rib 434 resides in shaft groove 422, the distal end surface 417 of shaft 404 will 
terminate short of sleeve shoulder 432 (Fig. 6A), but when sleeve 406 is disposed in its second position so that its 
proximal end 426 engages shaft shoulder 416, distal end surface 417 of shaft 404 will project outward from the distal 
end of sleeve 406 (Fig. 6C). 

It is also to be appreciated that shaft 404 and tubular sleeve 406 are sized relative to one another so that sleeve 
20 406 can rotate circumferentially about shaft 404 when sleeve 406 is in either of its first and second operative positions, 
or at any position therebetween. 

It is to be appreciated that when sleeve 406 is in the position shown in Fig. 6A, i.e., so that sleeve rib 434 is 
disposed in shaft groove 422, an anchor 1 02 may be disposed in sleeve 406 so that the proximal end 1 20 of the anchor 
engages and is stopped by sleeve shoulder 432 and the distal end of anchor 102 projects outward from the distal end 
25 of sleeve 406. Sleeve slots 438, 440, 442 and 444 are sized sufficiently long that when an anchor 102 is disposed in 
sleeve 406 and has its distal end 120 engaging sleeve shoulder 432, anchor barbs 108 and suture 2 need not engage 
the proximal ends of slots 438, 440, 442 and 444. 

Representative dimensions for tool 402 may be stated as follows: 



30 


Overall length of shaft 404: 


3.05 inches (7,75 cm) 




Proximal Portion 412 


2.20 inches (5,59 cm) 




Intermediate Portion 410 


0.55 inches (1,40 cm) 




Distal Portion 408 


0.30 inches (0,76 cm) 


35 


Shaft Diameters: 




Proximal Portion 412 


0.125 inches (0,32 cm) 




Intermediate Portion 410 


0.060 inches (0,15 cm) 




Distal Portion 408 


0.038 inches (0,097 cm) 




Width of Groove 422 


0.020 inches (0,051 cm) 


40 


Tubular Sleeve 406: 






Inner Diameter (bore 428) 


0.062 inches (0,16 cm) 




Outer Diameter 


0.125 inches (0,32 cm) 




Length (overall) 


0.700 inches (1,78 cm) 


45 


Rib Width (opening 436) 


0.020 inches (0,051 cm) 


Rib Thickness (longitudinal 


0.0025 inches (0,0064 cm) 




length) 






Width of slots 438, 440, 442, 444 


0.024 inches (0,061 cm) 




Length of slots 438, 440, 442, 


0.132 inches (0,335 cm) 


SO 


444 





Installation tool 402 is used as follows. 

First, the tool has its sleeve 406 placed in its aforementioned first position, i.e., so that it is in the position shown 
in Fig. 6A wherein the sleeve's rib 434 is positioned in the shaft's groove 422. Then a suture anchor 102 is loaded into 
55 the distal end of tubular sleeve 406 so that the distal end 1 20 of the anchor engages sleeve shoulder 432, and so that 
anchor barbs 108 reside in two diametrically opposed sleeve slots (e.g. sleeve slots 440, 444) and the suture lengths 
emanating from the anchor reside in the remaining two diametrically opposed sleeve slots (e.g. sleeve slots 438, 442), 
with barbs 108 and the suture lengths not necessarily engaging the proximal ends of slots 438, 440, 442 and 444. It 
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will be appreciated that when the system components are in the foregoing positions, the shaft's distal end surface 417 
will terminate short of the anchor's proximal end surface 120, and the distal portion of anchor 102 will extend out of 
the distal end of tool 402. See Fig. 6A. Preferably the free ends of the suture are wrapped into handle slots 420 under 
slight tension so as to keep the suture ends under control and so as to help hold suture anchor 102 to the distal end 

s of tubular member 406, 

Next, tool 402 is manipulated so as to bring the distal portion 110 of anchor body 104 into the top of the hole 304 
formed in workpiece 302. As noted above, the cross-section of the anchor's body 104 will be only slightly smaller than 
the diameter of hole 304. Accordingly, in this position the distal end 424 of tubular sleeve 406 will bear against the 
workpiece's top surface 306 which surrounds the anchor-receiving hole 304. See Fig. 6B. 

10 From this position anchor 102 may be driven into hole 304 so as to achieve its desired anchoring location within 

the bone. This is accomplished by driving shaft handle 418 downward, until shaft groove 422 moves past sleeve rib 
434. Shaft 404 continues moving downward until shoulder 416 of shaft 404 engages the sleeve's proximal end 426. 
This action causes the distal end surface 417 of shaft 404 to engage the proximal end 120 of anchor 102 and drive it 
downward into bone hole 304. See Fig. 6C. As this deployment action occurs, the suture anchor's barbs 108 engage 

'5 the portions of bone 302 which define hole 304 and, due to this engagement, are forced inwardly into anchor channels 
124 to the extent required to permit the suture anchor to pass down the bone hole. At the same time, of course, the 
resilient nature of barbs 108 causes them to springly engage the surrounding bone and thereby cause the suture 
anchor to be locked to the interior of the bone. Then the proximal ends of suture 2 are released from tool handle 418 
and tool 402 is withdrawn from the workpiece, leaving anchor 102 emplaced in bone 302 and the suture lengths em- 

20 anating therefrom. 

It is to be appreciated that with the installation tool of Figs. 5, 5A, 5B and 6A-6C, only the reduced diameter distal 
portion 408 of the shaft actually enters the bone hole. The larger diameter intermediate portion 410 and, even more 
importantly, the anchor engaging and supporting distal end 424 of hollow sleeve 406 remain outside the bone hole at 
all times. Thus it will be appreciated that bone hole 304 can be sized according to the dimensions of the bone anchor 
25 being used, and need not be formed large enough to accommodate the anchor engaging and supporting portion of 
the installation tool as well. As with installation tool 202 described above, this is a major advance over prior art installation 
tools. 

It is also to be appreciated that inasmuch as tubular sleeve 406 is free to rotate circumferentially about shaft 404 
when it is in either of its first and second positions, or at any position therebetween, rotational torque imparted to shaft 
30 404 during insertion will not tend to be imparted to the anchor 102. This is because any rotational torque imparted to 
handle 418 during insertion will tend to be isolated from anchor 102 by the rotatable nature of sleeve 406. Thus, any 
inadvertent rotation of handle 41 8 during insertion will not tend to cause undesired damage to bone 302 or anchor 1 02 
during insertion. 

Looking next at Figs. 7 and 7A, there is shown an alternative form of shaft 404A which may be used in place of 

35 the shaft 404 which has been disclosed in connection with the installation tool of Figs. 5, 5A, 5B and 6A-6C. Shaft 
404A is identical to shaft 404, except that the groove 422 of shaft 404 has been replaced by generally equivalent rib- 
engaging means 422Aon shaft 404A. More particularly, rib-engaging means 422A comprise a first generally frusto- 
conical enlargement 460 formed on shaft 41 OA at the distal side of rib-engaging means 422A, and a second generally 
frusto-conical enlargement 462 formed on shaft 41 OA at the proximal side of rib-engaging means 422A. In this shaft 

40 embodiment, the diameter of shaft 41 OA is constant along its length (except for the frusto-conical enlargements 460 
and 462) and equal to the diameter of the previous shaft 410. Frusto-conical enlargements 460 and 462 act as a sort 
of rib-trapping detent along shaft 41 OA. 

More particularly, frusto-conical enlargement 460 comprises a sloping distal surface 464 and a radial stopping 
surface 466, and frusto-conical enlargement 462 comprises a sloping distal surface 467 and a radial stopping surface 

45 468. Radial stopping surfaces 466 and 468 have a larger outside diameter than rib 434 has in inside opening 436. On 
account of this construction, it will be seen that a sleeve 406 may be loaded onto shaft 404A by moving the sleeve 
rearward until its rib 434 engages distal sloping surface 464 and slips past it. At this point the sleeve's rib is releasably 
captured between the radial stopping surface 466 of the distal frusto-conical enlargement 460 and the sloping distal 
surface 467 of the proximal frusto-conical enlargement 462, so that the sleeve is releasably captured in its aforemen- 

50 tioned first position. This is equivalent to the sleeve's rib being releasably captured in the groove 422 of shaft 404. 
When the sleeve 406 is to thereafter shift to its aforementioned second position, so that rib 434 leaves rib-engaging 
means 422A and the sleeve's proximal end 426 engages shaft shoulder 416, rib 434 slips past the inclined surface 467. 

By forming the proximal frusto-conical enlargement 462 so that its outside diameter at radial stopping surface 468 
is only slightly larger than the diameter of shaft 41 OA, it will be possible for sleeve 406 to pass from its aforementioined 

55 first position to its aforementioned second position with relatively little effort, yet sufficient resistance will still be offered 
to the passage of sleeve 406 along shaft 404A so as to permit a suture anchor 102 to be conveniently loaded into 
sleeve 406 and carried by the sleeve prior to deployment. In adddition, it will be seen that by forming the proximal 
frusto-conical enlargement 462 so that its outside diameter is only a little larger than the diameter of shaft 41 OA, the 
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sleeve's rib 434 can also be moved distally down the shaft past radial stopping surface 468 if desired, albeit with 
somewhat greater effort than is required to pass rib 434 by inclined surface 467. At the same time, it is preferred to 
form the distal f rusto-conical enlargement 460 so that its outside diameter at radial stopping surface 466 is significantly 
larger than the diameter of shaft 41 OA, so that it is relatively difficult for rib 434 of sleeve 406 to move distally down 
5 the shaft past radial stopping surface 466. While this construction also tends to make it somewhat more difficult to 
move sleeve rib 434 past enlargement 460 during assembly of the anchor installation tool, in some circumstances this 
inconvenience may be acceptable so as to ensure that there is little likelihood that sleeve 406 can become disengaged 
from shaft 404A during use. 

Still other variations, modifications, alterations, changes and the like will occur to those skilled in the art in light of 
10 the foregoing description of the preferred embodiments of the invention. 

Thus, for example, it will be understood that anchor 102 may be provided with more than two barbs 108, and that 
installation tools 202 and/or 402 may be modified to accommodate such an anchor configuration. Alternatively, anchor 
102 or installation tools 202 or 402 might be formed out of different materials than those specified herein. These and 
other changes will be obvious to those skilled in the art and may be made within the scope of the present invention as 
is defined by the claims. 



Claims 

20 1. Apparatus for attaching an object to a workpiece comprising: 

an anchor (102) comprising a body (104) and at least two barbs (108); 

said body (1 04) having a longitudinal axis (106), a maximum cross-section transverse to said longitudinal axis, 
25 a distal portion (110) having an outer end (114) and an inner end (112), a proximal portion (116) having an 

outer end (120) and an inner end (118), and a middle portion (122) joining said inner end (112) of said distal 
portion (110) and said inner end (118) of said proximal portion (116); 

said middle portion (1 22) and said proximal portion (116) together defining at least two equally-cirumferentially- 
30 spaced channels (1 24) extending inwardly from an axial projection of said maximum transverse cross-section 

of said distal portion (110), said channels (124) extending longitudinally from said inner end (112) of said distal 
portion (110) to said outer end (120) of said proximal portion (116), each of said channels (124) having a base 
(126) which is substantially parallel to said longitudinal axis (106) in said middle portion and which slants 
outwardly relative to said longitudinal axis (106) as it extends from said inner end (118) of said proximal portion 
35 (1 1 6) to said outer end (1 20) of said proximal portion (116), said channels (1 24) being separated by longitudinal 

walls extending radially outwardly from said longitudinal axis (106) to an outer surface located on said axial 
.projection of said maximum transverse cross-section; 

one of said barbs (108) extending axially and radially outwardly from said inner end (112) of said distal portion 
40 (110) adjacent the base (126) of each of said channels (124) to an outer end (1 32) located radially outwardly 

of said axial projection of said maximum transverse cross-section, each said barb (1 08) being capable of being 
deformed so that its outer end (132) is positioned closer to said axial projection of said maximum transverse 
cross-section and/or curved in its normal, unrestrained state but capable of being deformed into a substantially 
straight configuration; and 

45 

attachment means (133) associated with said proximal portion (116) for connecting an object to said anchor 
(102). 

2. The apparatus of claim 1 wherein said barbs (108) are made of nickel titanium alloy. 

so 

3. The apparatus of claim 1 or 2 wherein said distal portion (110) of said body (104) defines at least two bores (128) 
extending longitudinally from said inner end (112) of said distal portion (110) toward said outer end (114) of said 
distal portion (110), one bore (128) adjacent said base (126) of each of said channels (124), wherein each of said 
barbs (1 08) comprises a piece of wire having a first end (1 30) and a second end (1 32), said first end (1 30) of each 

55 said wire fixedly engaging one of said bores (128) in said inner end (112) of said distal portion (110). 

4. The apparatus of any of the preceding claims wherein there are two barbs (108), and further wherein said attach- 
ment means (133) comprises an opening (134) having a second longitudinal axis, said opening extending through 
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said proximal portion (116) and said second longitudinal axis being located in the plane containing said first lon- 
gitudinal axis (106). 

5. The apparatus of claim 4 wherein said attachment means (133) further includes a cord-like connecting element 
5 (2) threaded through said opening (134) so as to securely engage said attachment means (133) and provide at 

least one free end for attachment to said object. 

6. The apparatus of claim 5 wherein said opening is formed in said proximal portion (116) so as to provide a smoothly 
contoured bearing surface (136) in said proximal portion (116) against which said cord-like element (2) may be 

10 slid after said anchor (102) has been deployed in said hole (304). 

7. The apparatus of any of the preceding claims wherein there are three barbs (108) and three channels (124). 

8. The apparatus of any of the preceding claims wherein said anchor (102) is made of a titanium alloy material. 

15 

9. The apparatus of any of the preceding claims wherein all of said cross-sections are substantially circular. 

10. The apparatus of any of the preceding claims wherein said workpiece is bone (302). 

so 11. An installation tool (202,402) for deploying said anchor body (104) of the apparatus for attaching an object to a 
workpiece (302) according to any of the preceding claims in a hole (304) formed in a bone, the body (104) having 
a suture (2) disposed therein and extending therefrom, said tool (202,402) comprising: 

an elongated hollow shaft (204,404) having a distal end (206,417) and a proximal end (208,417); 

25 

tubular means associated with said distal end (206,417) of said shaft (204,404) adapted to receive and hold 
portions (122,116) of said body (104); and 

a plunger (228,408) disposed in and axially movable through said tubular means and engageable with the 
30 body (104) to drive the body (104) into said hole (304); 

characterised in that said shaft (202,404) has at said distal end (206, 417) thereof a plurality of circumferentially- 
spaced longitudinally extending first slots (216,220) for receiving barb portions (108) of the body (102), and a 
plurality of circumferentially-spaced longitudinally extending slots (214, 218) for receiving the suture (2). 

35 

12. The tool of claim 11 characterised in that said shaft (204) and said plunger (226) each has a proximal end, and a 
handle (224,242) is attached, respectively, to each of said proximal ends (208,240) of said shaft (204) and said 
plunger (226). 

40 13. The tool of claim 12 characterised in that said handles (224,242) matingly engage each other when said shafts 
(204) and said plunger (226) are oriented with respect to each other in at least one use position. 

14. The tool of claim 11 characterised in that said plunger (226) includes a distal end (230) and wherein the portion of 
said plunger (226) adjacent said distal end has a transverse cross-section smaller than the transverse cross- 
es section of the remainder of the plunger (226). 

1 5. An installation tool (402) for deploying said anchor body (1 04) of the apparatus for attaching an object to a workpiece 
(302) according to any of the preceding claims in a hole (304) in a bone wherein portions of suture are attached 
to attachment means (133) of the body (104), and said tool (402) comprises: 

50 

an elongated, rigid shaft (404), said shaft including a distal end (417), a proximal end (412), a first small 
diameter portion (408) adjacent said distal end (417) and a second intermediate diameter portion (41 0) located 
between said first small diameter portion (408) and the remainder of said shaft, said second intermediate 
diameter portion (410) defining capturing means disposed about the outer surface of said intermediate portion 
55 (410); 

a deformable, tubular sleeve (406) having a second distal end (424), a second proximal end (426), walls having 
a thickness approximately equal to the difference between the radius of said intermediate portion (410) and 
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the radius of said remainder portion of said shaft (404), and a length smaller than the combined length of said 
small diameter portion (408) and said intermediate diameter portion (410) of said shaft (404); 

a counterbore (430) formed in said distal end (424) of said sleeve (406) and adapted to receive said anchor 
5 body (104); 

a plurality of circumferentially-spaced longitudinal radial slots (438,440,442,444) in said sleeve (406), said 
slots (438,440,442,444) extending proximally from said second distal end (424) along said sleeve (406), said 
slots (438,440,442,444) being adapted to receive the barbs (108) of said body (104) engaging said installation 
10 tool (402) and said suture (2) attached to said attachment means (1 33), and 

a rib (434) located substantially adjacent said proximal end (426) of said sleeve (406), said rib (434) extending 
inwardly from said wall of said sleeve (406); 

15 said sleeve (406) being mounted about said intermediate diameter portion (410) of said shaft (404) such that 

in a first position the rib (434) extends inwardly from the wall of the sleeve (406) and engages said capturing 
means of said intermediate portion (410) of said shaft (404), and in a second position said proximal end of 
said sleeve (406) abuts said remainder portion of said shaft (404). 

20 16. The tool of claim 15 wherein said capturing means comprises a groove (422) formed in the outer surface of said 
intermediate portion (410) of said shaft (404). 

17. The tool of claim 15 or 16 wherein said capturing means comprises a pair of spaced projections (460,462) formed 
on the outer surface of said intermediate portion (410) of said shaft (404). 

The tool of claim 1 5, 1 6 or 1 7 for deploying an anchor (1 02) of the sort comprising the body (1 04) and at least two 
barbs (108) into a hole (304) formed in bone (302) wherein a maximum cross section of said distal end (210,417) 
of said shaft (204,404) and/or distal end (424) of tubular sleeve (406) transverse to a longitudinal axis (212,407) 
is slightly larger than a transverse cross section of said hole (304) and solid shaft (228) is adapted to extend out 
of said shaft (204,404) and/or said tubular sleeve (406) when driving said anchor (102) into said hole (304). 

The tool of any of the claims 15, 16, 17 or 18 wherein said tubular sleeve (406) is mounted to said shaft (404), 
said plunger means (408) are formed at said distal end (417) of said shaft (404), and said tubular sleeve (406) is 
free to rotate circumferentially about said shaft (404). 

20. A method for attaching an object to a workpiece comprising: 

(a) providing: 

40 1 ) means for forming a hole (304) in said workpiece; 

2) an anchor assembly comprising a body (104) 
and at least two barbs (108); 

said body (104) having a longitudinal axis (106), a maximum cross-section transverse to said longi- 
45 tudinal axis (106) slightly smaller than the transverse cross-section of said hole (304), a distal portion 

(110) having an outer end (114) and an inner end (112), a proximal portion (116) having an inner end 
(118) and an outer end (120), and a middle portion (122) joining said inner end (112) of said distal 
portion (110) and said inner end (118) of said second portion (116); 

so said middle portion (122) and said proximal portion (116) together defining at least two equally-cirum- 

ferentially-spaced channels (1 24) extending inwardly from an axial projection of said maximum trans- 
verse cross-section of said distal portion (110), said channels (124) extending longitudinally from said 
inner end (112) of said distal portion (110) to said outer end (120) of said proximal portion (116), each 
of said channels (124) having a base (126) which is substantially parallel to said longitudinal axis 

ss (106) in said middle portion (122) and which slants outwardly relative to said longitudinal axis (106) 

as it extends from said inner end (118) of said proximal portion (116) to said outer end (120) of said 
proximal portion (116), said channels (124) being separated by longitudinal walls extending radially 
outwardly from said longitudinal axis (1 06) to an outer surface located on said axial projection of said 



25 

18. 

30 

19. 
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maximum transverse cross-section: 

one of said barbs (1 08) extending axial ly and radially outwardly from said inner end (11 2) of said distal 
portion (110) adjacent the base of each of said channels (126) to an outer end (132) located radially 
outwardly of said axial projection of said maximum transverse cross-section, each said barb (108) 
being curved in its normal, unrestrained state but capable of being deformed into a substantially 
straight configuration; and 

attachment means (133) associated with said second portion (116) for connecting an object to said 
anchor assembly; and 

3) an installation tool (202) for deploying said anchor (102) in said hole (304) in said workpiece, said tool 
(202) comprising 

an elongated shaft having a longitudinal axis (212), a distal end (206) and a proximal end (208); 

tubular means associated with said distal end (206) of said shaft adapted to receive and hold said 
middle and proximal portions (122,116) of said anchor body (104); and 

plunger means (226) adapted for engagement with said outer end (120) of said proximal portion (116) 
of said anchor body ( 1 04), said plunger means (226) being axially movable through said tubular means 
so as to expel said anchor (1 02) from said tubular means and to drive said anchor (1 02) into said hole 
(304); 

b) forming a hole (304) in a surface of said workpiece with said hole forming means; 

c) aligning said longitudinal axis (106) of said anchor body (104) with said longitudinal axis (212) of said shaft 
(204); 

d) slidably engaging said middle and proximal portions (122,116) of said anchor body (104) with said tubular 
means; 

e) inserting said distal portion (110) of said anchor body (104) into said hole (304) such that said tubular means 
engages said workpiece adjacent said hole (304); 

f) moving said plunger means (226) through said tubular means so as to expel said anchor (102) therefrom 
and so as to drive said anchor (102) into said hole (304); 

g) withdrawing said plunger (226) from said hole (304) and said tubular means from its engagement with said 
workpiece; and 

h) attaching said object to said attachment means (133). 

The method of claim 20 wherein step (b) occurs at any point prior to step (e). 

The method of claim 20 or 21 wherein said attachment means (133) comprises an opening (1 34) extending trans- 
versely relative to said longitudinal axis (106) of said anchor body (1 04) through said proximal portion (116) of said 
anchor body (104), and further including the step of threading one end of a cord-like member (2) through said 
opening (134) prior to step (d) such that said cord-like member (2) is securely attached to said proximal portion 
(116) and at least one end of said cord-like member (2) extends out of said hole (2) after step (f). 

The method of claim 20, 21 or 22 wherein said object includes at least one attachment means-engaging portion, 
step (h) occurs prior to step (d), and said installation tool further comprises: 

an elongated, hollow shaft (204) having a longitudinal axis (212), an axial bore (210) having a cross-section 
transverse to said longitudinal axis (212) corresponding to but slightly larger than said maximum transverse 
cross-section of said anchor body (104), a proximal end (208) and a distal end (206), 

a plurality of circumferentially-spaced longitudinal first slots (216,220) in said shaft (204), said slots extending 
proximally from said distal end (206) along said shaft (204), and adapted to receive the barbs (108) of an 
anchor (1 02) disposed in said tool (202); 

at least one longitudinal second slot (214,218) in said shaft (204), said at least one slot extending proximally 
from said distal end (206) along said shaft (204) and adapted to receive said object attached to said attachment 
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means (133), and 

an elongated, solid shaft (228) longer than said hollow shaft (204) having a second longitudinal axis and a 
cross-section transverse to said second longitudinal axis corresponding to but slightly smaller than the cross- 
5 section of said axial bore (210) in said hollow shaft (204), said solid shaft (228) being adapted for insertion 

into and through said hollow shaft (204). 

24. The method of claim 23 wherein said attachment means (1 33) comprises an opening (1 34) extending transversely 
relative to said longitudinal axis (1 06) of said anchor body (1 04) through said proximal portion (11 6) of said anchor 

10 body (104), and further including the step of threading one end of a cord-like member (2) through said bore (1 34) 

prior to step (d) such that said cord-like member (2) is securely attached to said proximal portion (116) and at least 
one end of said cord-like member (2) extends out of said hole (304) after step (f). 

25. The method of claim 24 wherein said object includes at least one attachment means engaging portion, step (h) 
is occurs prior to step (d), and said installation tool (402) further comprises: 

an elongated, rigid shaft (404), said shaft including a distal end (417), a proximal end (412), a first small 
diameter portion (408) adjacent said distal end (417) and a second intermediate diameter portion (410) located 
between said first small diameter portion (408) and the remainder of said shaft (404), said second intermediate 
20 diameter portion (410) defining capturing means disposed about the outer surface of said intermediate portion 

(410) of said shaft (404); 

a deformable, tubular sleeve (406) having a second distal end (424), a second proximal end (426), walls having 
a thickness approximately equal to the difference between the radius of said intermediate portion (410) and 
25 the radius of said remainder portion of said shaft (404), and a length smaller than the combined length of said 

small diameter portion (408) and said intermediate diameter portion (410) of said shaft (404); 

a plurality of circumferentially-spaced longitudinal radial slots (438,440,442,444) in said sleeve (406), said 
slots extending proximalty from said second distal end (424) along said sleeve (406) and adapted to receive 
30 the barbs (108) and suture (2) of an anchor (102) attached to said installation tool (402); 

a rib (434) located substantially adjacent said proximal end (426) of said sleeve (406), said rib extending 
inwardly from said wall of said sleeve (406); 

35 said sleeve (406) being mounted about said intermediate diameter portion (410) of said shaft such that in a 

first position the rib (434) extends inwardly from the wall of the sleeve (406) and engages said capturing means 
disposed about the outer surface of said intermediate portion (41 0) of said shaft (404), and in a second position 
said proximal end (426) of said sleeve (406) abuts said remainder portion of said shaft (404). 

40 26. The method of claim 25 wherein said attachment means (1 33) comprises an opening (1 34) extending transversely 
relative to said longitudinal axis (106) of said anchor body (104) through said proximal portion (41 2) of said anchor 
body (104), and further including the step of threading one end of a cord-like member (2) through said opening 
(134) prior to step (d) such that said cord-like member (2) is securely attached to said proximal portion (426) and 
at least one end of said cord-like member (2) extends out of said hole (304) after step (f). 

45 

27. The method of claim 25 or 26 wherein said capturing means comprises a groove (422) formed in the outer surface 
of said intermediate portion (410) of said shaft (404). 

28. The method of claim 25, 26 or 27 wherein said capturing means comprises a pair of spaced projections (460,462) 
so formed on the outer surface of said intermediate portion (410) of said shaft (404). 



Patentanspruche 

1. Vorrichtung zur Befestigung eines Objekts an einem Werkstuck, umfassend 

Einen Anker (102) mit einem Korper (104) und wenigstens zwei Widerhaken (108), 
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wobei der Korper (104) eine Langsachse (106) aufweist, einen maximalen Querschnitt lotrecht zu der Langs- 
achse, einen distalen Bereich (110) mit einem auBeren Ende (114) und einem inneren Ende (112), einen 
proximalen Bereich (116) mit einem auBeren Ende (120) und einem inneren Ende (118), sowie einen Mittel- 
bereich (122), der das innere Ende (112) des distalen Bereichs (110) mit dem inneren Ende (118) des proxi- 
malen Bereichs (116) verbindet, 

wobei der Mittelbereich (122) zusammen mit dem proximalen Bereich (116) wenigstens zwei, gleichmaGig 
uber den Umfang verteilt angeordnete Kanale (124) aufweist, welche sich von einer axialen Projektion des 
maximalen Querschnitts des distalen Bereichs (110) nach innen erstrecken und in Langsrichtung von dem 
inneren Ende (112) des distalen Bereichs (110) biszu dem auBeren Ende (120) des proximalen Bereichs (116) 
verlaufen, welche Kanale (124) jeweils einen Grund (126) aufweisen, der in dem Mittelbereich etwa parallel 
zu der Langsachse (106) ist und in Bezug aut die Langsachse (106) nach auBen divergiert, wahrend er sich 
von dem inneren Ende (118) des proximalen Bereichs (116) zu dem auBeren Ende (120) des proximalen 
Bereichs (116) erstreckt, und welche Kanale (1 24) von Langswanden begrenzt werden, die sich von der Langs- 
achse (106) radial nach auBen erstrecken bis zu einer auBeren Oberflache an der axialen Projektion des 
maximalen Querschnittsbereichs, 

wobei sich von dem inneren Ende (112) des distalen Bereichs (1 1 0) nahe dem Grund (1 26) jedes Kanals (1 24) 
je ein Widerhaken in axialer und radialer Richtung nach auBen erstreckt bis zu einem auBeren Ende (132), 
das radial auGerhalb der axialen Projektion des maximalen Querschnitts liegt, und wobei jeder Widerhaken 
(108) derart verformt werden kann, daB sein auBeres Ende (132) an die axiale Projektion des maximalen 
Querschnitts angenahert ist, und/oder in setnem normalen, entspannten Zustand gekrummt ist, aber in eine 
etwa gerade gestreckte Lage verbracht werden kann; und 

Befestigungsmittel (133) in dem proximalen Bereich (116) zur Verbindung einesObjekts mit dem Anker (102). 

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB die Widerhaken (108) aus einer Nickel-Titan-Legie- 
rung hergestellt sind. 

Vorrichtung nach Anspruch 1 Oder 2, dadurch gekennzeichnet, daB in dem distalen Bereich (110) des Korpers 
(104) wenigstens zwei Bohrungen (128) vorhanden sind, welche sich in longitudinaler Richtung von dem inneren 
Ende (112) des distalen Bereichs (110) bis zu dem auBeren Ende (114) des distalen Bereichs (110) erstrecken, je 
eine Bohrung (128) in der Nahe des Grundes (126) jedes der Kanale (124), wobei jeder der Widerhaken (108) ein 
DrahtstOck mit einem ersten Ende (130) und einem zweiten Ende (132) umfaBt, deren jeweils erste Enden (130) 
in je einer der Bohrungen (128) in dem inneren Ende (112) des distalen Bereichs (110) festgelegt sind. 

Vorrichtung nach einem der vorhergehenden Anspruche, gekennzeichnet durch zwei Widerhaken (108), wobei 
das Befestigungsmittel (133) eine Offnung (134) mit einer zweiten, longitudinalen Achse umfaBt, wobei sich die 
Offnung durch den proximalen Bereich (116) erstreckt und die zweite, longitudinale Achse in einer Ebene ange- 
ordnet ist, welche die erste, longitudinale Achse (106) enthalt. 

Vorrichtung nach Anspruch 4, dadurch gekennzeichnet, daB das Befestigungsmittel (133) weiterhin ein fadenfor- 
miges Verbindungselement (2) umfaBt, welches durch die Offnung (134) gefadelt ist, urn sicher mit dem Befesti- 
gungsmittel (1 33) verbunden zu sein und wenigstens ein f reies Ende zur Befestigung an dem Objekt zur Verf ugung 
zu stellen. 

Vorrichtung nach Anspruch 5, dadurch gekennzeichnet, daB die Offnung in dem proximalen Bereich (116) derart 
angeordnet ist, daB sie uber eine mit einer sanft gerundeten Kontur versehene Anlageflache (136) in dem proxi- 
malen Bereich (116) verfugt, an der das fadenformige Element (2) entlang gleiten kann, nachdem der Anker (102) 
in die Bohrung (304) eingesetzt ist. 

Vorrichtung nach einem der vorhergehenden Anspruche, gekennzeichnet durch drei Widerhaken (108) und drei 
Kanale (124). 

Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB der Anker (102) aus einer 
Titan-Legierung hergestellt ist. 

Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daB alle Querschnitte etwa 
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kreisfdrmig sind. 

Vorrichtung nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daG das Werkstuck ein Kno- 
chen (302) ist. 

Installationswerkzeug (202, 402) zum Einsetzen des Ankerkorpers (104) der Vbrrichtung zur Befestigung eines 
Objekts an einem WerkstOck (302) nach einem der vorhergehenden Anspruche in eine Offnung (304) eines Kno- 
chens, wobei ein Nahtmaterial (2) in dem Korper (104) eingezogen ist und sich von diesem weg erstreckt, und 
wobei das Werkzeug (202, 402) umfaGt: 

Einen langgesteckten, hohlen Schaft (204, 404) mit einem distalen Ende (206, 417) und einem proximalen 
Ende (208, 417); 

- ein rohrenformiges, mit dem distalen Ende (206, 417) des Schafts (202, 404) verbundenes Element, das in 
is der Lage ist, Bereiche (122, 116) des Korpers (104) aufzunehmen und zu halten; und 

einen Kolben (228, 408), der in dem rohrenformigen Element angeordnet und innerhalb desselben radial ver- 
schieblich ist und mit dem Korper (104) in Eingriff gebracht werden kann, urn denselben in die Offnung (304) 
zu treiben; 

20 

dadurch gekennzeichnet, daft der Schaft (202, 404) an seinem distalen Ende (206, 417) eine Mehrzahl von an 
dem Umfang angeordneten, voneinander beabstandeten, sich in langsrichtung erstreckenden, ersten Schlitzen 
(216, 220) zur Aufnahme von Widerhakenbereichen (108) des Korpers (102) aufweist, sowie eine Mehrzahl von 
an dem Umfang angeordneten, voneinander beabstandeten, sich in Langsrichtung erstreckenden Schlitzen (214, 
25 218) zur Aufnahme von Nahtmaterial (2). 

12. Werkzeug nach Anspruch 11, dadurch gekennzeichnet, daG der Schaft (204) und der Kolben (226) jeweils ein 
proximales Ende aufweist, und daG an jedem der proximalen Enden (208, 240) des Schaftes (204) und des Kolbens 
(226) ein Griff (224, 242) angeordnet ist. 

30 

13. Werkzeug nach Anspruch 12, dadurch gekennzeichnet, daG die Griffe (224, 242) paarweise miteinander in Eingriff 
gelangen, wenn der Schaft (204) und der Kolben (226) gemaG wenigstens einer Gebrauchsposition relativ zuein- 
ander orientiert sind. 

35 14. Werkzeug nach Anspruch 11, dadurch gekennzeichnet, daG der Kolben (226) ein distales Ende (230) aufweist, 
wobei der an das distale Ende angrenzende Bereich des Kolbens (226) einen Querschnitt aufweist, der kleiner ist 
als der Querschnitt des restlichen Bereichs des Kolbens (226). 

15. Installationswerkzeug (402) zum Einsetzen des Ankerkorpers (104) der Vorrichtung zur Befestigung eines Objekts 
40 an einem Werkstuck (302) nach einem der Anspruche 1 bis 10 in eine Offnung (304) eines Knochens, wobei Teile 

eines Nahtmaterials an den Befestigungselementen (133) des Korpers (104) eingezogen sind, und wobei das 
Werkzeug (402) umfaGt: 

Einen langgestreckten, steifen Schaft (404) mit einem distalen Ende (417), einem proximalen Ende (412), 
45 einem ersten Bereich (408) mit kleinem Durchmesser, der an das distale Ende (417) angrenzt und einen 

zweiten Bereich (410) mittleren Durchmessers, der sich zwischen dem Bereich (408) kleinen Durchmessers 
und dem Rest des Schafts befindet, wobei der zweite Bereich (410) mittleren Durchmessers an seiner Au- 
Genseite Halteelement aufweist; 

so - eine deformierbare, rohrenformige Muffe (406) mit einem zweiten, distalen Ende (424), einem zweiten, pro- 

ximalen Ende (426), einem Mantel, dessen Starke etwa gleich der Differenz zwischen dem Radius des mitt- 
leren Bereichs (410) und dem Radius des restlichen Bereichs des Schafts (404) ist, und dessen Lange kleiner 
ist als die zusammengerechneten Langen des Bereichs (408) mit kleinem Durchmesser und des Bereichs 
(410) mittleren Durchmessers des Schafts (404); 

55 

- eine Gegenbohrung (430) in dem distalen Ende (424) der Muffe (406), geeignet zur Aufnahme des Ankerkor- 
pers (104); 
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eine Mehrzahl von an dem Umfang angeordneten, voneinander beabstandeten, sich in Langsrichtung erstrek- 
kenden radialen Schlitzen (438, 440, 442, 444) in der Muffe (406), welche Schlitze (438, 440, 442, 444) sich 
proximal von dem zweiten, distalen Ende (424) entlang der Muffe erstrecken und in der Lage sind, Widerhaken 
(108) eines in das Instailationswerkzeug (402) eingesetzten Korpers (104) aufzunehmen, sowie in dessen 
5 Befestigungsmittel (1 33) eingezogenes Nahtmaterial (2); und 

einen Kragen (434), der sich etwa an dem proximalen Ende (426) der Muffe (406) befindet und sich von dem 
Mantel der Muffe (406) nach innen erstreckt; 

10 - wobei die Muffe (406) auf den Bereich (410) mittleren Durchmessers des Schafts (404) aufgeschoben ist, 

derart, daB in einer ersten Position der Kragen (434) sich von dem Mantel der Muffe (406) nach innen erstreckt 
und in das Halteelement des mittleren Bereichs (410) des Schafts (404) eingreift und in einer zweiten Position 
das proximale Ende der Muffe (406) an dem restlichen Bereich des Schafts (404) anliegt. 

15 16. Werkzeug nach Anspruch 15, dadurch gekennzeichnet, daB das Halteelement durch eine Nut (422) gebildet ist, 
die sich in der auBeren Oberflache des mittleren Bereichs (410) des Schafts (404) befindet. 

17. Werkzeug nach Anspruch 15oder 16, dadurch gekennzeichnet, daB das Halteelement durch ein Paar voneinander 
beabstandeter Fortsatze (460, 462) gebildet ist, die sich an der auBeren Oberflache des mittleren Bereichs (410) 

20 des Schafts (404) befinden. 

18. Werkzeug nach Anspruch 15, 16 oder 17 zum Einsetzen eines Ankers (102) von der Art mit einem Korper (104) 
und wenigstens zwei Widerhaken (108) in eine Offnung (304) eines Knochens (302), dadurch gekennzeichnet, 
daB ein maximaler Querschnitt des distalen Endes (210,217) des Schafts (204, 404) und/oder des distalen Endes 

2S (424) der rohrenformigen Muffe (406) quer zu einer longitudinalen Achse (212, 407) geringfugig groBer ist als ein 

Querschnitt der Offnung (304), wobei der massive Schaft (228) in der Lage ist, aus dem Schaft (204, 404) und/ 
Oder aus der rohrenformigen Muffe (406) herauszutreten, urn den Anker (102) in die Offnung (304) hineinzutreiben. 

19. Werkzeug nach einem der Anspruche 15, 16, 17 Oder 18, dadurch gekennzeichnet, daB die rohrenformige Muffe 
30 (406) an dem Schaft (404) befestigt ist, das Kolbenmittel (408) an dem distalen Ende (417) des Schafts (404) 

angeordnet ist, und die rohrenformige Muffe (406) in der Lage ist, beliebig urn den Schaft (404) herumzurotieren. 

20. Verfahren zur Befestigung eines Objekts an einem Werkstuck mit folgenden Schritten: 
35 (a) Bereitstellen von 

1 ) einem Werkzeug zum Einbringen einer Bohrung (304) in das Werkstuck; 

2) einer Verankerungsbaugruppe mit einem Korper (104) und wenigstens zwei Widerhaken (108); 

40 

wobei der Korper (104) eine longitudinale Achse (1 06) aufweist, einen maximalen Querschnitt lotrecht 
zu der longitudinalen Achse (106), der geringfugig kleiner ist als der Querschnitt der Bohrung (304), 
einen distalen Bereich (110) mit einem auBeren Ende (114) und einem inneren Ende (112), einen 
proximalen Bereich (116) mit einem inneren Ende (118) und einem auBeren Ende (120), einen mitt- 
45 leren Bereich (1 22), der an das innere Ende (112) des distalen Bereichs (110) und an das innere Ende 

(118) des zweiten Bereichs (116) angrenzt; 

wobei der Mittelbereich (122) zusammen mit dem proximalen Bereich (116) wenigstens zwei, gleich- 
maBig Ober den Umfang verteilt angeordnete Kanale (1 24) aufweist, welche sich von einer axialen 

50 Projektion des maximalen Querschnitts des distalen Bereichs (110) nach innen erstrecken und in 

Langsrichtung von dem inneren Ende (112) des distalen Bereichs (110) bis zu dem auBeren Ende 
(120) des proximalen Bereichs (116) verlaufen, welche Kanale (124) jeweils einen Grund (126) auf- 
weisen, der in dem Mittelbereich etwa parallel zu der Langsachse (106) ist und in Bezug auf die 
Langsachse (1 06) nach auBen divergiert, wahrend er sich von dem inneren Ende (118) des proximalen 

55 Bereichs (116) zu dem auBeren Ende (120) des proximalen Bereichs (116) erstreckt, und welche 

Kanale (124) von Langswanden begrenzt werden, die sich von der Langsachse (106) radial nach 
auBen erstrecken bis zu einer auBeren Oberflache an der axialen Projektion des maximalen Quer- 
schnittsbereichs; 
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wobei sich von dem inneren Ende (112) des distalen Bereichs (110) nahe dem Grund (126) jedes 
Kanals (124) je ein Widerhaken in axialer und radialer Richtung nach auBen erstreckt bis zu einem 
auBeren Ende (132), das radial auBerhalb der axialen Projektion des maximalen Querschnitts liegt, 
und wobei jeder Widerhaken (108) in seinem normalen, entspannten Zustand gekrummt ist, aber in 
s eine etwa gerade gestreckte Lage verbracht werden kann; und 

Befestigungsmittel (133) in dem proximalen Bereich (116) zur Verbindung eines Objekts mit der An- 
kerbaugruppe; und 

io (3) einem Installationswerkzeug (202) zum Einsetzen des Ankers (102) in die Bohrung (304) des Werk- 

stucks, wobei das Installationswerkzeug (202) umfaBt: 

einen langgestreckten Schaft mit einer longitudinalen Achse (212), einem distalen Ende (206) und 
einem proximalen Ende (208); 

15 

ein mit dem distalen Ende (206) des Schafts verbundenes, rohrenfdrmiges Element, das in der Lage 
ist, den mittleren und proximalen Bereich (122, 116) des Ankerskorpers (104) aufzunehmen und zu 
halten; und 

20 ein Koibenelement (226), das zum Eingriff mit dem auBeren Ende (120) des proximalen Bereichs 

(116) des Ankerkorpers (104) ausgebildet ist und in axialer Richtung durch das rohrentormige Element 
bewegbar ist, urn den Anker (102) aus dem rohrenformigen Element herauszuschieben und in die 
Bohrung (304) hineinzutreiben; 

25 b) Herstellen einer Bohrung (304) in einer Oberflache des Werkstucks unter Verwendung des Werkzeugs zum 

Einbringen einer Bohrung; 

c) Ausrichten der longitudinalen Achse (106) des Ankerkorpers (104) mit der longitudinalen Achse (212) des 
Schafts (204) in einer gemeinsamen Flucht; 

30 

d) Einschieben des mittleren und proximalen Bereichs (122, 116) des Ankerkorpers (104) in das rohrentormige 
Element; 

e) Einsetzen des distalen Bereichs (110) des Ankerkorpers (104) in die Bohrung (304), sodaB das rohrenfor- 
35 mige Element an dem Werkstuck in der Nahe der Bohrung (304) zur Anlage gelangt; 

-f).Bewegen des Kolbens (226) durch das rohrentormige Element, urn den Anker.(102)_aus.demselben her- 
auszuschieben und in die Bohrung (304) hineinzutreiben; 

40 g) Zuruckziehen des Kolbens (226) aus der Bohrung (304) und des rohrenformigen Elements von dessen 

Anlage an dem Werkstuck; und 

h) Befestigen des Objekts an dem Befestigungsmittel (1 33). 

45 21. Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB der Schritt (b) zu einem beliebigen Zeitpunkt vor dem 
Schritt (e) vorgenommen wird. 

22. Verfahren nach Anspruch 20 oder 21 , wobei das Befestigungselement (1 33) eine Offnung (1 34) aufweist, welche 
sich quer in Bezug auf die longitudinale Achse (106) des Ankerkorpers durch dessen proximalen Bereich (116) 

so erstreckt, gekennzeichnet durch den weiteren Schritt des Einfadelns eines fadenartiges Elements (2) durch die 

Offnung (134) vor den Schritt (d), derart, daB das fadenformige Element (2) sicher an dem proximalen Bereich 
(116) festgelegt ist, und wenigstens ein Ende desselben sich nach dem Schritt (f) aus der Bohrung heraus erstreckt. 

23. Verfahren nach Anspruch 20, 21 oder 22, wobei das Objekt wenigstens einen mit dem Befestigungselement in 
55 Verbindung tretenden Bereich aufweist, der Schritt (h) vor dem Schritt (d) durchgef uhrt wird, und das Installations- 
werkzeug weiterhin folgende Telle umfaBt: 

- einen langgestreckten, hohlen Schaft (204) mit einer longitudinalen Achse (212), einer axialen Bohrung (210) 
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mit einem Querschnitt lotrecht zu der longitudinalen Achse (212), der mit dem maximalen, lotrechten Quer- 
schnitt des Ankerkorpers (104) korrespondiert, jedoch geringfugig groBer ist als dieser, mit einem proximalen 
Ende (208) und einem distalen Ende (206); 

eine Mehrzahl von an dem Umfang angeordneten, voneinander beabstandeten, longitudinalen, ersten Schlit- 
zen (216, 220) in dem Schaft (204), wobei diese Schlitze sich proximal von dem distalen Ende (206) entlang 
des Schafts (204) erstrecken und in der Lage sind, die Widerhaken (108) eines in das Werkzeug (202) ein- 
gesetzten Ankers (102) aufzunehmen; 

- wenigstens einen longitudinalen, zweiten Schlitz (214, 218) in dem Schaft (204), wobei wenigstens ein Schlitz 
sich proximal von dem distalen Ende (206) entlang des Schafts (204) erstreckt und in der Lage ist, das an 
dem Befestigungsmittel (133) festgelegte Objekt aufzunehmen, und 

- einen langgestreckten, massiven Schaft (228), der langer ist als der hohle Schaft (204) und eine zweite, lon- 
gitudinals Achse und einen Querschnitt lotrecht zu der zweiten, longitudinalen Achse aufweist, der mit dem 
Querchnitt der axialen Bohrung (210) in dem hohlen Schaft (204) korrespondiert, jedoch geringfugig kleiner 
ist als dieser, wobei der massive Schaft (228) fur das Einsetzen und Durchschieben durch den hohlen Schaft 
(204) geeignet ist. 

24. Verfahren nach Anspruch 23, dadurch gekennzeichnet, daB das Befestigungsmittel (1 33) eine Offnung (1 34) auf- 
weist, die sich quer in Bezug auf die longitudinale Achse (106) des Ankerkorpers (104) durch dessen proximalen 
Bereich (116) erstreckt, und ferner gekennzeichnet durch den Schritt des Einfadelns eines Endes eines fadenfor- 
migen Elements (2) durch die Offnung (134) vor dem Schritt (d), so daB das fadenformige Element (2) sicher an 
dem proximalen Bereich (116) festgelegt ist und wenigstens ein Ende desselben sich im AnschluB an Schritt (f) 
aus der Bohrung (304) heraus erstreckt. 

25. Verfahren nach Anspruch 24, dadurch gekennzeichnet, daB das Objekt wengistens einen zur Festlegung an dem 
Befestigungsmittel geeigneten Bereich aufweist, daB der Schritt (h) vor dem Schritt (d) durchgef Ohrt wird, und daB 
das Installationswerkzeug (402) weiterhin umfaBt: 

einen langgestreckten, festen Schaft (404), welcher Schaft ein distales Ende (417) aufweist, ein proximales 
Ende (412), einen ersten Bereich (408) mit kleinem Durchmesser, der sich an das distale Ende (417) an- 
schlieBt, und einen zweiten Bereich (410) mittleren Durchmessers, der sich zwischen dem ersten Bereich 
(408) mit kleinem Durchmesser und dem Rest des Schafts (404) befindet, wobei der zweite Bereich (410) 
mittleren Durchmessers ein Haltemittel aufweist, welches an der auBeren Oberflache des mittleren Bereichs 
(410) des Schafts (404) angeordnet ist; 

eine deformierbare, rohrenformige Muffe (406) mit einem zweiten, distalen Ende (424), einem zweiten proxi- 
malen Ende (426), einem Mantel mit einer Starke, die etwa identisch mit der Differenz zwischen dem Radius 
des mittleren Bereichs (410) und dem Radius des restlichen Bereichs des Schafts (404) ist, und mit einer 
Lange, die kleiner ist als die zusammengerechneten Langen des Bereichs (408) mit kleinem Durchmesser 
und des Bereichs (410) mittleren Durchmessers des Schafts (404); 

eine Mehrzahl von an dem Umfang angeordneten, voneinander beabstandeten, longitudinalen und radialen 
Schlitzen (438, 440, 442, 444) in der Muffe (406), wobei die Schlitze sich proximal von dem distalen Ende 
(424) entlang der Muffe (406) erstrecken und in der Lage sind, die Widerhaken (108) und Nahtmaterial (2) 
eines in das Installationswerkzeug (402) eingesetzten Ankers (102) aufzunehmen; 

einen Kragen (434), der etwa in der Nahe des proximalen Endes (426) der Muffe (406) angeordnet ist und 
sich von dem Mantel dieser Muffe (406) nach innen erstreckt; 

wobei die Muffe (406) an dem Bereich (410) mittleren Durchmessers des Schafts derart befestigt ist, daB sich 
in einer ersten Position der Kragen (434) von dem Mantel der Muffe (406) nach innen erstreckt und an dem 
Haltemittel eingreift, welches an der auBeren Oberflache des mittleren Bereichs (410) des Schafts (404) an- 
geordnet ist, und daB in einer zweiten Position das proximale Ende (426) der Muffe (406) an dem restlichen 
Bereich des Schafts (404) anliegt. 

26. Verfahren nach Anspruch 25, dadurch gekennzeichnet, daB das Befestigungsmittel (1 33) eine Offnung (134) auf- 
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weist, die sich quer in Bezug auf die longitudinale Achse (106) des Ankerkorpers (104) durch dessen proximalen 
Bereich (412) erstreckt, und ferner gekennzeichnet durch den Schritt des Einfadelns eines Endes eines fadenfor- 
migen Elements (2) durch die Offnung (134) vor dem Schritt (d), so daB das fadenfdrmige Element (2) sicher an 
dem proximalen Bereich (426) festgelgt ist und wenigstens ein Ende desselben sich im AnschluB an Schritt (2) 
s aus der Bohrung (304) heraus erstreckt. 

27. Verfahren nach Anspruch 25 oder 26, dadurch gekennzeichnet, daB das Haltemittel eine Rille (422) aufweist, die 
in der auBeren Oberflache des mittleren Bereichs (410) des Schafts (404) eingeformt ist. 

io 28. Verfahren nach Anspruch 25, 26 oder 27, dadurch gekennzeichnet, daB das Haltemittel aus einem Paar vonein- 
ander beabstandeter Fortsatze (460, 462) gebildet ist, welche an der auBeren Oberflache des mittleren Bereichs 
(410) des Schafts (404) angeordnet sind. 



is Revendlcatlons 

1. Appareil de fixation d'un objet sur une piece faconnde comprenant : 

un ancrage (102) constitu6 d'un corps (104) et d'au moins deux barbillons (108); 

20 ledit corps (104) ayant un axe longitudinal (106), une section transversale maximale transversale audit axe 

longitudinal, une partie distale (110) ayant une extremite exterieure (114) et une extremity interieure (112), 
une partie proximale (116) ayant une exttemite exterieure (120) et une extremite interieure (118), et une partie 
mediane (1 22) reliant ladite extremite interieure (112) de ladite partie distale (110) et ladite extremite interieure 
(118) de ladite partie proximale (116); 

25 ladite partie mediane (1 22) et ladite partie proximale (116) definissant conjointement au moins deux canaux 

(124) espaces k egalite en direction circonferentielle, s'etendant vers I'interieur depuis une projection axiale 
de ladite section transversale maximale de ladite partie distale (110), lesdits canaux (124) s'6tendant longitu- 
dinalement depuis ladite extremite interieure (112) de ladite partie distale (110) vers ladite extremite exterieure 
(120) de ladite partie proximale (116), chacun desdits canaux (124) ayant une base (126) qui est sensiblement 

30 parallele audit axe longitudinal (106) dans ladite partie mediane et inclinee vers I'exterieur par rapport audit 

axe longitudinal (106) au fur et a mesure de leur etendue en partant de ladite extremite interieure (118) de 
ladite partie proximale (116) et en allant vers ladite extremite exterieure (120) de ladite partie proximale (116), 
lesdits canaux (124) 6tant s6par6s par des parois longitudinales s'etendant radialement vers I'exterieur depuis 
ledit axe longitudinal (106) vers une surface exterieure placee sur ladite projection axiale de ladite section 

35 transversale maximale; 

I'un desdits barbillons (1 08) s'etendant axialement et radialement vers I'exterieur depuis ladite extremite inte- 
rieure (112) de ladite partie distale (110), en un point adjacent & la base (126) de chacun desdits canaux (124) 
vers une extremite exterieure (1 32) situee radialement 6 I'exterieur de ladite projection axiale de ladite section 
transversale maximale, chaque dit barbillon (108) 6tant en mesure d'etre d6forme de maniere que son extre- 

40 mite exterieure (1 32) soit positionnee plus pres de ladite saillie axiale de ladite section transversale maximale 

et/ou incurvSe & son 6tat normal, non retenu, mais en mesure d'etre deform6 en prenant une configuration 
sensiblement rectiligne; et 

des moyens de fixation (133) associes & la partie proximale (116) pour relier un objet audit ancrage (102). 

4S 2. Appareil selon la revendication 1 , dans lequel lesdits barbillons (108) sont realises en alliage de nickeKitane. 

3. Appareil selon la revendication 1 ou 2, dans lequel ladite partie distale (110) dudit corps (104) definit au moins 
deux percages (128) s'etendant longitudinalement depuis ladite exttemite interieure (112) de ladite partie distale 
(110) en direction de ladite partie exterieure (114) de ladite partie distale (110), un percage (128) etant adjacent 
so a ladite base (126) de chacun desdits canaux (124), dans lequel chacun desdits barbillons (108) comprend un 

morceau de fil metallique ayant une premiere extremite (130) et une deuxieme extremite (132), ladite premiere 
extremite (130) de chaque dit fil metallique etant en prise avec I'un desdits percages (126) menages dans ladite 
extremite interieure (112) de ladite partie distale (110). 

S5 4. Appareil selon Tune quelconque des revendications precedentes, dans lequel sont prevus deux barbillons (108) 
et, en outre, dans lequel lesdits moyens de fixation (1 33) sont constitues d'une ouverture (1 34) ayant un deuxieme 
axe longitudinal, ladite ouverture s'etendant & travers ladite partie proximale (11 6) et ledit deuxieme axe longitudinal 
etant situe dans le plan contenant ledit premier axe longitudinal (106). 
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5. Appareil selon la revendication 4, dans lequel lesdits moyens de fixation (1 33) comprennent en outre un Element 
de liaison (2) analogue a uhe corde, entile a travers ladite ouverture (134) de maniere a venir en prise de facon 
sure avec tesdrts moyens de fixation (1 33) et constituer au moins une extremite libre pour la fixation audit objet. 

6. Appareil selon la revendication 5, dans lequel ladite ouverture est formee dans ladite partie proximale (116), de 
maniere a constituer, dans ladite partie proximale (116), une surface de portee (136) a contour sans asperite, 
contre laquelle ledit eldment du genre d'une corde (2) peut etre coulisse apr6s avoir deploye ledit ancrage (102) 
dans un trou (304). 

7. Appareil selon Tune quelconque des revendications precedentes, dans lequel sont prevus trois barbillons (108) 
ettrois canaux (124). 

8. Appareil selon Tune quelconque des revendications precedentes, dans lequel ledit ancrage (102) est realise en 
un materiau du type alliage de titane. 

9. Appareil selon Tune quelconque des revendications precedentes, dans lequel la totality desdites sections trans- 
versales sont sensiblement circulaires. 

10. Appareil selon Tune quelconque des revendications precedentes, dans lequel ladite piece faconnee est de I'os 
(302). 

11. Outil d'installation (202; 402) concu pour deployer ledit corps d'ancrage (104) de I'appareil de fixation d'un objet 
a une piece faconnee (302) selon Tune quelconque des revendications precedentes dans un trou (304) menage 
dans un os, le corps (104) presentant une suture (2), disposee en son sein et s'etendant a partir de celui-ci, ledit 
outil (202, 402) comprenant : 

un arbre creux allonge (204, 404) ayant une extremite distale (206, 41 7) et une extremite proximale (208, 41 7); 
des moyens tubulaires associes a ladite extremite distale (206, 417) de ladite tige (204, 404) adapt6s pour 
recevoir et maintenir des parties (122, 116) dudit corps (104); 

un piston (228, 408) dispose dans, et de facon axialement deplacabie a travers, lesdits moyens tubulaires et 
susceptible d'etre mis en prise avec le corps (104) pour entraTner ce corps (104) dans ledit trou (304); 

caracterise en ce que ladite tige (202, 404) presente, a ladite extremite distale (206, 417) de celle-ci, une 
pluralite de premieres fentes (216, 220) s'etendant longitudinalement et espacees circonferentiellement, afin de 
recevoir lesdites parties barbillons (108) du corps (102), et une pluralite de fentes (214,218) s'etendant longitudi- 
nalement, espacees circonferentiellement, destinees a recevoir la suture (2). 

12. Outil selon la revendication 11 , caracterise en ce que ladite tige (204) et ledit piston (226) ont chacun une extremite 
proximale et une poignee (224, 242) etant fixee respect ivement a chaque element parmi lesdites extremites proxi- 
males (208, 240) de ladite tige (204) et ledit piston (226). 

13. Outil selon la revendication 12, caracterise en ce que lesdites poignees (224, 242) s'engagent avec ajustement 
Tune dans I'autre lorsque lesdites tiges (204) et ledit piston (226) sont orientes par rapport a chaque autre de ces 
elements dans au moins une position d'utilisation. 

14. Outil selon la revendication 11, caracterise en ce que ledit piston (226) comprend une extremite distale (230) et 
dans lequel la partie dudit piston (226) adjacente a ladite extremite distale a une section transversale plus petite 
que la section transversale du reste du piston (226). 

15. Outil d'installation (402) concu pour deployer ledit corps d'ancrage (104) de I'appareil de fixation d'un objet a une 
piece faconnee (302) selon Tune quelconque des revendications precedentes, dans un trou (304) menage dans 
un os, dans lequel des parties de suture sont fixees a des moyens de fixation (133) du corps (104), et ledit outil 
(402) comprenant : 

une tige rigide (404) allongee, ladite tige comprenant une extremite distale (417), une extremite proximale 
(412), une premiere partie de petit diametre (408) adjacente a ladite extremite distale (417) et une deuxieme 
partie de diametre intermediaire (410) situee entre ladite premiere partie a petit diametre (408) et le reste de 
ladite tige, ladite deuxieme partie a diametre intermediaire (41 0) definissant des moyens de capture, disposes 
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autour de la surface exterieure de ladite partie intermediate (410); 

une douille tubulaire (406) deformable, ayant une deuxieme extr6mit6 distale (424), un deuxieme extremite 
proximate (426), des parois d'une epaisseur a peu pres egale a la difference extstant entre te rayon de ladite 
partie intermediate (410) et le rayon de ladite partie restante de ladite tige (404) et une longueur interieure a 
5 la longueur combinee de ladite partie a petit diametre (408) et ladite partie a diametre intermediate (410) de 

ladite tige (404); 

un contre-percage (430), menage dans ladite extremite distale (424) de ladite douille (406) et adapte pour 
recevoir ledit corps d'ancrage (104); 

une plurality de fentes radiales (43 8, 440, 442, 444), orientees longitudinatement, espacSes circonterentiel- 
10 lement, menag6es dans ladite douille (406), lesdites fentes (438, 440, 442, 444) s'etendant en position proxi- 

mate a partir de ladite deuxieme extremite distale (424) dans ladite douille (406), lesdites fentes (438, 440, 
442,444) etant adaptees pour recevoir les barbillons (108) dudit corps (104) venant en contact avec ledit outil 
^installation (402) et ladite suture (2) fixee auxdits moyens de fixation (133), et 

une nervure (434) sensiblement adjacente a ladite extremite proximate (426) de ladite douille (406), ladite 
is nervure (434) s'etendant vers I'interieur depuis ladite paroi de ladite douille (406); 

ladite douille (406) etant montee autour de ladite partie a diametre intermediate (410) de ladite tige (404), de 
maniere que, dans une premiere position, la nervure (434) s'6tende vers I'interieur depuis la paroi de la douille 
(406) et vienne en prise avec lesdits moyens de capture de ladite partie intermediate (41 0) de ladite tige (404) 
et, dans une deuxieme position, ladite extremite proximate de ladite douille (406) vienne en butee avec ladite 
20 partie restante de ladite tige (404). 

16. Outil selon la revendication 15, dans lequel lesdits moyens de capture comprennent une rainure (422) m6nagee 
dans la surface exterieure de ladite partie intermediate (410) de ladite tige (404). 

25 17. Outil selon la revendication 15 ou 16, dans lequel lesdits moyens de capture comprennent une paire de saillies 
(460, 462) espacees, formees sur la surface exterieure de ladite partie intermediaire (410) de ladite tige (404). 

Outil selon la revendication 15, 16 ou 17, destine a deployer un ancrage (102), du genre comprenant le corps 
(104) et au moins deux barbillons (108), dans un trou (304) menage dans I'os (302), dans lequel une section 
transversale maximale de ladite extremite distale (210, 417) de ladite tige (204, 404) et/ou extremite distale (424) 
de la douille tubulaire (406), transversalement par rapport a un axe longitudinal (212, 407), est legerement supe- 
rieure a une section transversale dudit trou (304) et ladite tige (228) est adaptee pour s'etendre hors de ladite tige 
(204, 404) et/ou de ladite douille tubulaire (406) lors de I'entraTnement dudit ancrage (102) dans ledit trou (304). 

Outil selon Tune quelconque des revendications 15, 16, 17 ou 18, dans lequel ladite douille tubulaire (406) est 
montee sur ladite tige (404), lesdits moyens formant piston (408) etant formes sur ladite extremite distale (417) 
de ladite tige.(404) et ladite douille tubulaire (406) etant libre de tourner circonf6rentiellement autour de ladite tige 
(404). 

Procede de fixation d'un objet a une piece faconnee, comprenant : 

(a) la fourniture de : 

1) moyens pour former un trou (304) dans ladite piece faconnee; 
45 2) un ensemble d'ancrage comprenant un corps (104) et au moins deux barbillons (108); 

ledit corps (104) ayant un axe longitudinal (1 06), une section transversale maximale dans la direction 
transversale audit axe longitudinal (106) legerement plus petite que la section transversale dudit trou 
(304), une partie distale (110) ayant une extremit6 exterieure (114) et une extremite interieure (112), 
so une partie proximate (116) ayant une extremite interieure (118) et une extremite exterieure (120) et 

une partie mediane (122) reliant ladite extr6mit6 interieure (112) de ladite partie distale (110) et ladite 
extr6mite interieure (118) de ladite deuxieme partie (116); 

ladite partie m6diane (122) et ladite partie proximate (116) d6finissant conjointement au moins deux 
canaux (124) espaces 6galement de facon circonf6rentielle, s'etendant vers I'interieur depuis une 
55 projection axiale de ladite section transversale maximale de ladite partie distale (110), lesdits canaux 

(124) s'etendant longitudinatement en partant de ladite extr6mit6 interieure (112) de ladite partie dis- 
tale (1 1 0) vers ladite extremite exterieure (1 20) de ladite partie proximate (11 6), chacun desdits canaux 
(124) ayant une base (126) qui est sensiblement parallele audit axe longitudinal (106) dans ladite 



30 



35 19. 



40 20. 



23 



EP 0 558 993 B1 



partie m6diane (122) et inclines vers I'exterieur par rapport audit axe longitudinal (106) au tur et a 
mesure de son etendue, en partant de ladite extremity intSrieure (11 8) de ladite partie proximale (116) 
vers ladite extr6mit6 exterieure (120) de ladite partie proximale (116), lesdits canaux (124) gtant se- 
pares pardes parois longitudinales s'etendant radialement vers I'ext6rieurdepuis leditaxe longitudinal 
5 (106) vers une surface exterieure situee sur ladite projection axiale de ladite section transversale 

maximale; 

I'un desdits barbillons (108) s'6tendant axialement et radialement vers I'exterieur depuis ladite extre- 
mity interieure (112) de ladite partie distale (110) en un point adjacent a la base (126) de chacun 
desdits canaux (124) vers une extr6mite" exterieure (132) situde radialement a I'ext6rieur de ladite 
10 projection axiale de ladite section transversale maximale, chaque dit barbillon (108) 6tant incurve" 

lorsqu'il se trouve a son 6tat normal non retenu, mais en mesure d'etre d6forme en une configuration 
sensiblement rectiligne; et 

des moyens de fixation (1 33) assoctes a ladite deuxieme partie (116) pour assurer la liaison d'un objet 
audit ensemble d'ancrage; et 

1$ 

3) un outil d'installation (202) concu pour d6ployer ledit ancrage (102) dans ledit trou (304) m§nag6 dans 
ladite piece fatponnee, ledit outil (202) comprenant : 

une tige allongSe ayant un axe longitudinal (212), une extr6mit6 distale (206) et une extrdmite" proxi- 
mo male (208); 

des moyens tubulaires assoctes a ladite extr6mit6 distale (206) de ladite tige, adapted pour recevoir 
et maintenir lesdites parties mSdiane et proximale (122, 116) dudit corps d'ancrage (104); et 
des moyens formant piston (226) adapted pour etre mis en contact avec ladite extr6mit6 exterieure 
(1 20) de ladite partie proximale (116) dudit corps d'ancrage (1 04), lesdits moyens formant piston (226) 
25 etant dSplacables axialement a travers lesdits moyens tubulaires, de maniere a expulser ledit ancrage 

(102) desdits moyens tubulaires et a entrainer ledit ancrage (102) dans ledit trou (304); 

b) former un trou (304) dans une surface de ladite piece faconn6e, a I'aide desdits moyens de formation de 
trous; 

30 c) aligner ledit axe longitudinal (106) dudit corps d'ancrage (104) et ledit axe longitudinal (212) de ladite tige 

(204); 

d) mettre en contact coulissant lesdites parties mSdiane et proximale (122, 116) dudit corps d'ancrage (104) 
avec lesdits moyens tubulaires; 

e) inserer ladite partie distale (110) dudit corps d'ancrage (104) dans ledit trou (304), de maniere que lesdits 
55 moyens tubulaires viennent en prise avec ladite piece faconnee en un point adjacent audit trou (304); 

f) d6placer lesdits moyens formant piston (226) a travers lesdits moyens tubulaires, de maniere a expulser 
ledit ancrage (102) de ceux-ci, de maniere a entrainer ledit ancrage (102) dans leditttou (304); 

g) extraire ledit piston (226) dudit trou (304) et desdits moyens tubulaires de leur mise en prise avec ladite 
piece faconn6e; et 

*o h) fixer ledit objet auxdits moyens de fixation (133). 

21. Proc6d6 selon la revendication 20, dans lequel Petape (b) est execute en un moment quelconqueavant retape (e). 

22. ProcSde* selon la revendication 20 ou 21 , dans lequel lesdits moyens de fixation (1 33) comprennent une ouverture 
45 (134) s'etendant transversalement par rapport audit axe longitudinal (106) dudit corps d'ancrage (104), a travers 

ladite partie proximale (116) dudit corps d'ancrage (104), et comprenant en outre l'6tape consistant a enfiler une 
extr6mit6 d'un organe du genre d'une corde (202) a travers ladite ouverture (134) avant d'exScuter l'6tape (d), de 
maniere que ledit organe du genre d'une corde (2) soit fixe" de facon sure a ladite partie proximale (116) et au 
moins une extrdmite" dudit organe du genre d'une corde (2) s'6tendant hors dudit trou (2) apres execution de l'6tape 
so (f). 

23. Proc6d6 selon la revendication 20, 21 ou 22, dans lequel ledit objet comprend au moins une partie de mise en 
prise avec les moyens de fixation, l'6tape (h) se d6roule avant I'Stape (d) et ledit outil d'installation comprend en 
outre : 

55 

une tige creuse (204) allong6e ayant un axe longitudinal (212), un trou axial (210) ayant une section trans- 
versale par rapport audit axe longitudinal (212) qui correspond a, mais est ISgerement plus grande que, ladite 
section transversale maximale dudit corps d'ancrage (104), une extr6mit6 proximale (208) et une extr6mit6 
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distaie (206), 

une pluralite de premieres fentes longitudinales (216, 220), espacSes circonterentiellement, rrtenag6es dans 
ladite tige (204), lesdites fentes s'etendant a proximity de ladite extremite distaie (206) sur ladite tige (204) et 
etant adaptees pour recevoir les barbillons (108) d'un ancrage (102) dispose dans ledit outil (202); 
s au moins une deuxieme tente longitudinale (214, 218) menag6e dans ladite tige (204), ladite au moins une 

fente s'etendant a proximite de ladite extremite distaie (206) dans ladite tige (204), etant adaptees pour recevoir 
ledit objet fixe auxdits moyens de fixation (1 33); et 

une tige massive (228) allongee, de longueur sup6rieure a ladite tige creuse (204) ayant un deuxieme axe 
longitudinal et une section en direction transversals dudit deuxieme axe longitudinal correspondant a, mais 
10 legerement plus petit que, la section transversals dudit percage axial (210) manage dans ladite tige (204), 

ladite tige massive (228) etant adaptee pour etre ins6r6e dans et pass6e a travers ladite tige creuse (204). 

24. Proc6d6 selon la revendication 23, dans lequel lesdits moyens de fixation (1 33) comprennent une ouverture (1 34) 
s'etendant transversalement par rapport audit axe longitudinal (106) dudit corps d'ancrage (104) a travers ladite 
15 partie proximale (116) dudit corps d'ancrage (1 04) et comprenant en outre l'6tape consistant a enfiler une extremite 

d'un organe du genre d'une corde (2) a travers ledit percage (134) avant d'ex6cuter I'etape (d), de maniere que 
ledit organe du genre d'une corde (2) soit fixe de facon sOre sur ladite partie proximale (116) et au moins une 
extremite dudit organe du genre d'une corde (2) s'etendant hors dudit trou (304) apres d6roulement de l'6tape (f). 

20 25. ProcSde selon la revendication 24, dans lequel ledit objet comprend au moins une partie de mise en prise avec 
les moyens de fixation, I'etape (h) se d6roulant avant I'etape (d) et ledit outil d'installation (402) comprenant en 
outre : 

une tige rigide (404) allongee, ladite tige comprenant une extremite distaie (417), une extremite proximale 
25 (412), une premiere partie a petit diametre (408) adjacente a ladite extremite distaie (417) et une deuxieme 

partie a diametre internrtediaire (410) situ§e entre ladite premiere partie a petit diametre (408) et le reste de 
ladite tige (404), ladite deuxieme partie a diametre intermediaire (410) definissant des moyens de capture, 
disposes autour de la surface exterieure de ladite partie intermediaire (410) de ladite tige (404); 
une douille tubulaire (406) deformable, ayant une extremite distaie (424), une deuxieme extremite proximale 
30 (426), des parois d'une epaisseur a peu pres 6gale a la difference existant entre le rayon de ladite partie 

intermediaire (410) et le rayon de ladite partie restante de ladite tige (404) et une longueur inferieure a la 
longueur combinee de ladite partie a petit diametre (408) et ladite partie a diametre intermediaire (410) de 
ladite tige (404); 

une pluralite de fentes radiales (438, 440, 442, 444), longitudinales, espac^es circonterentiellement, nrtena- 
35 gges dans ladite douille (406), lesdites fentes s'etendant a proximite de ladite deuxieme extrdmite distaie (424) 

sur ladite douille (406), et etant adaptees pour recevoir les barbillons (108) et la suture (2) d'un ancrage (102) 
fjx6 audit put[l d'installation (402); 

une nervure (434) sensiblement adjacente a ladite extremite proximale (426) de ladite douille (406), ladite 
nervure s'etendant vers I'interieur depuis ladite paroi de ladite douille (406); 
40 ladite douille (406) 6tant montee autour de ladite partie a diametre intermediaire (410) de ladite tige, de maniere 

que, dans une premiere position, la nervure (434) s'&ende vers I'interieur depuis la paroi de la douille (406) 
et vienne en contact avec lesdits moyens de capture disposes autour de la surface exterieure de ladite partie 
intermediaire (41 0) dudit arbre (404) et, dans une deuxieme position, ladite extremite proximale (426) de ladite 
douille (406) venant en butee avec ladite partie restante de ladite tige (404). 

45 

26. Proc^de selon la revendication 25, dans lequel lesdits moyens de fixation (133) comprennent une ouverture (134) 
s'etendant transversalement par rapport audit axe longitudinal (106) dudit corps d'ancrage (104), a travers ladite 
partie proximale (41 2) dudit corps d'ancrage (1 04), et comprenant en outre l'6tape consistant a enfiler une extremite 
d'un organe du genre d'une corde (2) a travers ladite ouverture (134) avant d'exScuter l'6tape (d), de maniere que 

50 ledit organe du genre d'une corde (2) soit fix6 de facon sure a ladite partie proximale (426) et qu'au moins une 

extremite dudit organe du genre d'une corde (2) s'etende hors dudit trou (304) apres deroulement de I'dtape (f). 

27. Proc6de selon la revendication 25 ou 26, dans lequel lesdits moyens de capture comprennent une rainure (422) 
menagee dans la surface exterieure de ladite partie intermediaire (410) de ladite tige (404). 
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28. ProcSde selon la revendication 25, 26 ou 27, dans lequel lesdits moyens de capture comprennent une paire de 
saillies espacdes (460, 462) fornrtees sur la surface exterieure de ladite partie intermediaire (410) de ladite tige 
(404). 
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